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SUR L’ADAMANTANE. NOUVEL HYDROCARBURE EXTRAIT 

DU NAPHTE 

par S. LANDA et V. MACHACEK. 

Aux environs de Hodonin, en Moravie, se trouve le plus puissant des 
gisements petrolifdres tchecoslovaques. Ainsi que l’a montre le pro- 
fesseur F. Schulz, son naphte est identique A celui puise a (ibely, 
local ite pas trop dloignee de Hodonin. Suivant. ee chercheur, ni l’un 
ni 1’autre de ces naphtes ne renferme d’essence; comme produit le 
plus volatil, ils fournissent 3% environ d'une fraction passant de 150 
A 250°, caracterisee par une odeur de tdrdbenthine et distillant deja 
a 100° dans un courant de vapeur d'eau. 

Comme l’a constate, le premier, M. ,J. Mzourek, la vapeur d'eau 
a 100° chasse de ce naphte environ 30% d’un produit volatil. Nous 
avons essaye d’etablir sa composition. Les resultats deces essais ont ete 
presentes, par nous deux, en commun avec M. J. Mzourek, au Xll 16me 
Congres de Ohimie industrielle term en septembre 1932 A Prague, sous 
forme d’une communication succincte. 

En vue d’identifier les divers hydrocarbures du naphte en question, 
nous avons tachd avant tout, autant que le permettaient nos modestes 
moycns d’investigation, de nous approcher aux points d’ebullition des 
hydrocarbures presumes par des distillations reitcrdes. 1-es liquides 
obtenus par ces rectifications grossieres ont etc dpuisds ensuite au 
moyen d’acide sulfureux liquide; les extraits sulfureux, de meme que 
les residua, ont etc soumis A de nouvelles rectifications. 

Nous avons pense que la fraction aromatique passant entre 190 
et 195° renfermerait du durene et de l’isodurene, dont les points 
de fusion sont assez elev'es, ce qui permettrait de les separer par 
refroidissement modere. Toutefois, il a fallu deseendre plus bas que 
20° au-dessous de zero pour voir apparaitre les premiers cristaux. Pour 
compldter la cristallisation, nous avons pousse le froid jusqu’a 80° 
au-dessous de zero, puis essore le melange rdactionnel. Le produit 
cristallisd possedait une odeur pdndtrante, plus forte que celle du li¬ 
quide gdndrateur, alors que le filtrat dtait presque inodore. 
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(Je qui hour a surtout frappe, c’est le grand eclat de nos cristaux. 
L examen a la loupe nous a montre qu’il s’agit de cristaux pr6sentant 
une symetrie considerable et qui paraissaient appartenir au moins au 
syst&me tetragonal. M. Ullrich, agrege de 1’University Charles k Prague, 
eut l’amabilite de les etudier de plus pres et constata ce qui suit: 
l^es cristaux sont isometriques, d’un diametre allant de 0*2 a 0*4 mm; 
le plus souvent ils sont limits idiomorphiquement. Observes au mi¬ 
croscope de polarisation, a la lumiere ordinaire, ils pr^sentent des 
sections triangulaires et quadratiques. Examines de plus pr&s, ils se 
revelent etre des octaedres (1, 1, 1) dont les coins sont souvent tron- 
qu6s par de petites facettes d’un cube (1, 0, 0). Les cristaux sont 
incolores, mais contiennent regulierement une proportion notable 
d’inclusions liquides et meme gazeuses. Entre nicols crowds ils se 
montrent parfaitement isotropes . 

Le fait que nos cristaux appartiennent au systeme cubique est, a 
notre avis, d’une importance capitale, car parmi plus d’un demi-million 
de composes organiques on n’en trouve que quelques-uns qui presentent 
dans leur molecule une symetrie aussi parfaite qu’ils se separent en 
cristaux cubiques. 

La eonstatation que les cristaux de notre hydrocarbure appartien¬ 
nent au systeme cubique a apporte une simplification considerable 
aux recherches visant a l’etablissement de la constitution du corps. 
En effet, des considerations d'ordre stereochimique nous out enseigne 
qu'on ne saurait etre en presence que d’un seul hydrocarbure compa¬ 
tible avec cette forme cristallisee, et qui est le tricyclodecane inconnu 
jusqu’& present. Seul cet hydrocarbure offre une parfaite symetrie 
de ses atomes de carbone telle que la repr&sentent 1’image suivante: 
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La supposition qu’il s’agit ici de Phydroearbure presentant la struc¬ 
ture ci-dessus est corroboree par la determination du poids molecu- 
laire. Pour determiner ce dernier, nous avons d’abord essaye d’em¬ 
ployer la methode de Rast, mais sans succes, car Phydroearbure est 
tellement volatil qu’il se sublime meme dans ses solutions camphrees. 

C’est pourquoi nous nous sommes adresses k la modification Beck¬ 
mann de la methode crvoscopique de Raoult: 

Benzene (solvant) IS O gr. 

Hj r drocarbure etudie 0*4728 gr. 

Depression 1*672°. 

Poids moleculaire trouve 135, 4. 

Poids moleculaire calcule pour C W FI U 136, 1. 

L’analyse eiementaire confirme, elle aussi, la formule C l0 // 16 : 

Substance: 0*0898 gr, C0 2 0*2912 gr, H 2 0 0*0931 gr. 

C\ 0 H U : Calcule C 88*15%, H 11*85%. 

Trouve C 88*45%, // 11*59%. 

Ce qui milite en faveur de la structure signalee plus haut e'est 
quo son modele stereoehimique ne presente pas la moindre tension, 
comme le montre d’ailleurs sa chaleur de combustion: 

Substance: 0*1666 gr. 

Elevation de temperature 0*758°. 

Valeur en eau du calorimetre 3367 cal. 

Chaleur de combustion a volume constant pour 1 gr: 10*666 cal. 

Chaleur de combustion moleculaire 1.451*7 cal. 

Ajoutonsque l’etude du roentgenogramme execute d’apres le precede 
Debay-Scherer parM. Ullrich, etablit egalement que les cristaux 
appartiennent au systeme cubiquo et que Phydroearbure present© 
deux sortes de liaison des atomes de carbone. 

C’est seulement apres que M. Ullrich aura dresse le diagramme 
Laue sur des cristaux de dimensions suffisantes (dont Pobtention 
nous a d’abord presente certaines difficultes), qu’il sera possible 
d’etablir exactement la position des atomes dans la molecule, ainsi 
que le nombre des molecules dans l’eiement cristallin. 

Quant 4 la preuve purement chimique de la constitution de notre 
hydrocarbure, nous tacherons de la donner par sa synthese. Ainsi que 
Parrangement atomique dans sa molecule le fait presumer, notre hydro¬ 
carbure est caracterise par une stabilite extraordinaire. Aussi n’est-il 
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point probable qu’on puisse fournir la dite preuve par oxydation. 
L'arrangement des atomes de carbone que nous attribuons a notre 
hydrocarbure etant identique k celui des atomes de carbone du dia- 
mant, nous lui donnons le nom d adarmnlane. 
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Nous avons constate Ja presence de Fadamantane non seulement 
dans lextrait obtonu au inoyen de Faeide sulfureux liquide, done dans 
la portion ,,aromatique“ du naphte initial, main surtout dans les 
fractions non solubles dans le dit liquide. Les fractions qui avaient 
une forte odeur terpenique clevenaient presque inodores apres Feli¬ 
minate on de Fadamantane. L’odeur de ce dernier rappelle & la fois 
cede du camphre et cello de Fessence de terebenthine. 

Nous nous sommes assures que c-’est Fadamantane le veritable por- 
teur de l odeur agreable caractc;risant le naphte de Hodonin et de 
Obely. 

II se distingue par une tres forte refringence. L’indice de refraction, 
determine par M. Ullrich au moyen de la m6thode d’immersion en 
solution dans un melange dessence d’anis et d’essence de cannelle 
a etc trouve 1*5(58 4 0*003 a la lumiere sodique. 

La densite est de 1*07 environ. Le corps se sublime aisement sans 
subir la moindre decomposition memo en operant avec une flamme 
tres aigue du chalumeau. 11 se depose sur les endroits froids du tube 


d’essai sous forme de menus octaedres. ] 1 resiste a l’aetion des rayons X. 
Ni le melange ehromique ni le permanganate en solution alcaline, 
ni encore une Ebullition prolongeo de plusieurs heures, avec 1'acide 
azotique concentre ne l’attaquent point. Par contre, I’abide sulfurique 
concentre produit une carbonisation. 

Le point de fusion de l’hydrocarbure, determine on tube capillaire 
scelle, est tres net. II est situE a 268°. Rn tul)e ouver’t, il y a naturclle- 
ment sublimation complete. 

L’adamantane peut ctre considere comme la substance mere d’mie 
nouvelle famille tricyelodEcanique. 

De meme que le naphtalene est solide et son honuologue methyle 
est liquide, les derives aleoyles de l’adamantane pourraiujit constituer 
des liquides visqueux entrant dans la constitution des huilew minerales. 

Les poids spEcifiques cleves des huiles extraites du naphte eie Hodo- 
nfn, leurs points d’inflammation pen eleven et la grande stab elite des 
fractions lounles parlent egalement en faveur de cette hypotheMC. 

Nous pensons qu’il sera desormais possible d’extraire l’adamantfqne 
d’autres petroles naturels. » 

lnstitut des combustibles a I,'£ cole Polylecknique 
tch&que de Prague (Teller os!ovaquie.). 



AN APPARATUS FOR AUTOMATIC REGISTRATION 
OF DEHYDRATION WITH INCREASING TEMPERATURE 

) 

by S. SKRAMOVSK.Y.*) 

Water in Crystalline hydrates can be of two kinds: water of hy¬ 
dration (cry stal water) or water of constitution. Tn chemical compounds 
often bot!n kinds arc found (aquo compounds, hydrates of hydroxides, 
etc.) amd it is generally difficult to decide to which kind the water 
present belongs. When the element in question is capable of forming 
complexes, or gives soluble compounds, it is possible to derive reliably 
t 1 ne function of the water as well as the number of its molecules from 
analogy or from the coordination number and the behaviour in 
relation to dissociation. However, this task is much more difficult 
with substances which are insoluble or which undergo hydrolysis. Here 
one of the means of discriminating between water molecules of dif¬ 
ferent function is their behaviour in a dehydrating medium, in drying 
the substance either at room temperature above sulphuric acid or at 
a higher temperature. Although the second method has been applied 
to many compounds, it only rarely gives unambiguous results. The 
substance is dried generally at a constant temperature in the neigh¬ 
bourhood of 100° (!. It would be risky to suppose that only the water 
remaining at this temperature in the form of lower hydrates is water 
of constitution. If, for instance, bismuth oxalate retains at 100° C 
tw T o molecules, and at 130° C one molecule of water, how many 
molecules are to be considered as coordinated ? It can not be assumed 
also that a given temperature, say 100° C, will be for all analogous 
compounds the limit, at which only the molecules of water of hydration 
are given off without any loss of water of constitution. 

Better results are attained by drying at increasing temperature. 
A definite hydrate is stable up to a certain temperature where its 
decomposition begins; similarly also compounds containing water of 

*) Published in Czech in No. 20 of the ii C hci flick & Jhisty” 1932, celebrating 
Prof, K. Votocek’s sixtieth birthday, p. 521. 
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constitution are characterized by a certain temperature interval within 
which they are stable. Following up the decrease in weight as a 
function of uniformly increasing temperature a distinct halt appears 
on the graph indicating the existence of individual hydrates, or enabl¬ 
ing us to distinguish crystal water from water of constitution which 
is held more strongly. 

Proceeding from this supposition M. Guichard 1 ) studied the de¬ 
hydration of sodium phosphate and aluminium hydroxide with increas¬ 
ing temperature by weighing the substance contained in a drying oven 
by means of a hydrostatic balance the deflection of which was com¬ 
pensated by adding a certain volume of oil from a burette connected 
to a vessel filled with oil into which a hydrostatic float was immersed. 
During an investigation of the hydrates of bismuth oxalate the present 
author, having to solve the problem of assigning the proper function 
to different water molecules, constructed an apparatus based on 
Guichard’s idea, but improved so far that the decrease of weight 
on drying with increasing temperature is registered automatically. 
The graphs obtained with this apparatus are very characteristic and 
free from errors of observation which otherwise may arise through 
vibration of the balance beam, especially at higher temperatures, 
when the deflection is observed or compensated directly. 

The apparatus*) consists of a regulable electric drying oven, the 
temperature of which can attain 180° 0. A weighed amount of the 
substance is lying in the drying oven on a dish suspended on a long 
thread passing through the cover of the drying oven and the balance 
case to a hook on the left arm of an analytical balance. To the middle 
of the beam a mirror is attached reflecting the image of a lighted slit 
into a rotating drum with sensitive photographic paper. The motion 
of the drum is transmitted by a gear to the regulator of the electric 
drying oven the temperature of which is thus increased regularly with 
time, when the drum rotates. The drum is revolved by an electric 
motor one rotation being performed according to need in a time of 
50 minutes to 6 hours. The loss of weight is compensated by buoyancy 
of a hydrostatic float in paraffin oil (a glass rod of a definite diameter 
suspended from the right balance arm). As the viscosity of the oil 
alone was insufficient to damp the vibration of the beam, a circular 
brass plate was attached to the glass rod below the oil level which 
reduced the vibration of the beam to a minimum. When the apparatus 

*) Manufactured by Dr. V. and J. Nejcdly, Praha-Vokovice, Rusova 76. 
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is in action, the loss of water is compensated by oil, the deflection 
of the beam increasing steadily, whereby the beam of light reflected 
by the mirror draws on the photographic paper a graph describing 
the progress of dehydration with increasing temperature. The tem¬ 
perature is registered automatically during the dehydration process 



Fig. 1. 


by means of a mercury thermometer, platinum contacts distributed 
along the whole length of the capillary switching on at regular intervals 
an electric lamp copying into the graph the image of a vertical slit. 
The sensitivity of the balance is normally 1 mg , the deflection of the 
light beam 10 cm$ at a load of 0-2 gr. The amount of substance taken 
for the experiment should be such, that 1 or 2 cms correspond to 
1 molecule of water. The whole apparatus works automatically without 
supervision and the curves are the more characteristic the longer is 
the time of dehydration. 
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As an example of the application of this apparatus, which was 
tested on a series of known compounds as well as on the newly studied 
hydrates of bismuth oxalate, a graph is appended showing the de¬ 
hydration of the pentahydrate of cupric sulphate. Cupric sulphate 



forms a penta-, a tri- and a monohydrate, as was ascertained by 
X-ray spectrometry, besides other methods and all these hydrates 
and the higher temperature limits of their stability are found also on 
the dehydration curve. 


Institute of pharmaceutical and applied 
chemistry of the Charles University , 
Prague. 


Literature: 


') Bvtt. Soc. Chits. 1925, 251, 381; ibid. 192S, 3.9, 1113. 



ON THE CALCIUM ELECTRODES OF THE THIRD ORDER 

by J. VELISEK and A. VASTER. 


Electrodes of the third order are according to Luther 1 ) metal 
electrodes surrounded with a mixture of two difficultly soluble salts 
(depolarizers) and immersed in an electrode solution saturated with 
both these salts. One of the depolarizers has a cation corresponding 
with the metal of the electrode, the other one a cation common w'ith 
the electrolyte of the electrode solution, the anions of the depolarizers 
being the same. Such electrodes were proposed for estimating the 
concentration of the cation of the electrode solution in instances 
where the metal of a first order electrode w ould be attacked by the 
water solution in contact with it, as e. g. calcium, thallium etc. 

Luther himself constructed the calcium electrode 

PbjPbSO 4 , CaSOJCa(\. 

A lead electrode in form of lead amalgam is covered with a mixture 
of lead and calcium sulphates saturating the electrode solution of 
calcium chloride. The potential, e, of this electrode depends primarily 
on the concentration of lead ions, [Pb" |, in the electrode solution. 
Expressing this concentration in terms of crlcium ion concentration. 
fUa“], (from the ratio of the known solubility products of both depo¬ 
larizers) and inserting into the formula of Nernst, we obtain 

'"*• 4 - 2 F ■ ln l Ca 3 . 

where e a is the hypothetical potential of calcium in this electrode. 
Of course, when measuring the calcium ion concentration of a solution 
(say of Ca('l 2 ). by means of such an electrode, due regard must be paid 
to the calcium ions arising also from one of the depolarizers (CaSO t ) 
which may be neglected only in moro concentrated electrode solutions. 
For the same reason a depolarizer of the lowest possible solubility is 
chosen. 
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Harnapp 2 ) arrives at a mathematical expression which enables 
him in certain instances to calculate the change of the cation concen¬ 
tration in the electrode solution from the original cation concentra¬ 
tion of this solution and the known solubility products of both depo¬ 
larizers. Spencer 3 ) applies (for thallium ions) a constant correction 
by measuring the potential of the electrode containing pure water 
saturated with both depolarizers, without, however, due attention to 
the influence of the first depolarizer (PbSO A ) on the solubility of the 
other one. 

Luther 1 ) states the following conditions for the stability and 
reproducibility of his electrode: 1. The first depolarizer (PbSO A ) must 
be less soluble than the other one (CaS() A ), for otherwise the electrolyte 
of the electrode solution ( CaCl 2 ) would react with the first depolarizer, 
the second depolarizer being formed in this reaction. 2. The first 
depolarizer (PbSO A ) must be less soluble than the salt composed of 
its cation (PIP) and the anion of the electrode solution (CT), because 
otherwise this salt (PbCl 2 ) would be formed. 3. The salts present must 
not form mixed crystals or double salts with each other. 4. They must 
not react with each other or with the material of the electrode. 

Luther's electrode fulfils the first three conditions. As to the 
fourth one Luther himself thinks that it does not hold because of 
the change of colour of the depolarizer brought about by reduction 
of lead sulphate to lead sulphide. According to his measurements, 
made for orientation only, the electrode became steady after two days. 

This electrode was studied more fully by Vclisek and Sven con. 4 ) 
The potentials of the individual electrodes containing the same 
solution and measured against a decinormal calomel electrode often 
differed considerably and varied irregularly showing, however, no 
systematic change. Besides this the fairly high solubility of calcium 
sulphate as the second depolarizer makes this electrode unsuitable 
for estimating the concentration of calcium ions. 

For measuring this quantity in blood and serum M. Cor ten and 
J. Estermann 5 ) attempted to construct following two types of 
electrodes of the third order: 

1. AgiAg^Pi, Cat\O x K'a\ 

II. Zn/ZnC&i, CaC/hit'a". 

The electrode of the first combination was always freshly silvered 
and the authors state that the potentials became steady after only 
a few minutes. However, they discard this electrode as unsuitable for 
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physiological solutions because of the presence of chlorine ions in 
them, silver chloride being then formed. Besides this also the first 
condition of Luther is not satisfied, silver oxalate being more soluble' 
than calcium oxalate. The present authors found that using more 
concentrated solutions of calcium chloride the potential of such 
electrodes remains steady within the limits of experimental error only 
within 1 to 2 days after constructing the electrode, the formation of 
silver chloride being slow. 

The second combination was considered as suitable by the mention¬ 
ed authors, because in calcium chloride solutions the potentials became 
steady and reproducible after half an hour. However, Le Blanc and 
Harnapp 6 ) who investigated the same type of electrodes in somewhat 
altered form reached results quite contrary to those of Cor ten and 
Estermann. In the first few minutes the potentials were consistent, 
but then systematic variations occurred in all electrodes, which did 
not become stable even after four weeks. 

The present authors tried the electrode 

Pb/PbCU > 4 , GaCpjCa 

which fulfils the first two conditions of Luther. Because of the 
existence of two hydrates (mono- and trihydrate) of calcium oxalate 
experiments were made first with a mixture of both hydrates which, 
however, gave unsatisfactory results. Electrodes were then construct¬ 
ed containing only the monohydrate and the same electrode solution. 
Their potentials were first equal within about two millivolts, but later 
on differences between them grew larger, the mean value for electrodes 
with the same solution falling systematically. This electrode is thus 
also unsuitable for practical use. 

A silver electrode cannot be used with a solution of calcium chloride, 
because all silver salts corresponding with the difficultly soluble 
calcium salts are more soluble than silver chloride. For similar reasons 
also a mercury electrode cannot be used in presence of chlorine ions, 
calomel being formed. Experiments were also made with a silver 
electrode using silver phosphate and calcium phosphate as depolarizers. 
These depolarizers underwent a change merely in shaking them with 
a calcium chloride solution. In more concentrated solutions (0*1-, 
0*05- and 0*02-normal) of calcium chloride the originally yellow colour 
of the mixture of phosphates turned grey-violet, whereas in more dilute 
solutions (0*01-, 0*005-, 0*002-, 0*001-normal) and in water saturated 
with both depolarizers the colour of the precipitate remained yellow. 
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At the lower concentrations mentioned, both types of the silver 
electrodes, containing either a mixture of oxalates or that of phosphates 
as depolarizers, show practically the same potential as the corres¬ 
ponding electrodes with pure water saturated with the depolarizers. 
This is explained by calcium chloride reacting with the silver salt thus: 

CaCl 2 + Ag/\0, • Call/), f- 2 AgCl 

3 Ca(\ + 2 A( h rO 4 (% (P0 4 ) 2 + 6 AgCl . 

Tt remains to mention the experiments on calcium electrodes with 
iodate depolarizers. The first combination of this type fulfilling the 
first two of Luther’s conditions was 

Pb/Pb( I0 3 ) 2 , Ca(K\) z /Ca“. 

As electrode solution calcium chloride was used. Lead was used in 
the form of a 2% amalgam. Two or three days after the construction 
of the electrode a distinct formation of a yellow precipitate of lead 
iodide was observed. The presence of iodine ions was proved also by a 
qualitative test. It could be expected that the potentials of the electro¬ 
des will fluctuate considerably and change systematically, which was 
confirmed by observing their potential for a few days. 

Similarly also the experiments with a mercury electrode covered 
with mercurous and calcium iodates as depolarizers*) were entirely 
unsuccessful in consequence of the simultaneous use of a mercurous 
salt and a chloride in the electrode solution. 

Besides the combinations mentioned we studied more fully a cal¬ 
cium electrode of the third order containing mercury as electrode metal 
and corresponding phosphates as depolarizers: 

UgjHg, (P0 4 ) 2 , Ca % {PO^Ca. 

In this instance no reliable data on the solubility of the depolarizers 
were found in literature. Mercuric phosphate was prepared by precip¬ 
itating mercuric nitrate (Merck I). Ap. V. 5) with disodium hydrogen 
phosphate in presence of nitric acid, and washing it repeatedly with 
redistilled water. Calcium phosphate used was Merck’s sample „pu- 
rissimum“, washed also carefully before use with redistilled water. 
As electrode solution calcium nitrate (Riedel-de Haen, crystal, pro 
analysi) was used. The mixture of the depolarizers was first carefully 
washed with the electrode solution and then shaken for 24 hours 
with the final solution before constructing the electrodes. 

*) Made in collaboration with K. ftvexicon. 
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The electrodes of the form H were measured against a decinormal 
calomel electrode. Both electrodes were connected by an fl -bridge 
filled with filter paper soaked with a 0‘5-normal solution of potassium 
nitrate. It is necessary that the amalgamated platinum wire of the 
electrode be entirely covered with mercury. The potential differences 
were measured by means of a A r -type potentiometer of Leeds and 
Northrup. All electrodes (five for each concentration in the first series, 
four in the second series) were constructed simultaneously and kept 
in an oil thermostat at a temperature of 18*0°0. 

Table 1. gives the mean values obtained within an interval of a few 
days. The time elapsed (in hours) between the construction of the 
electrodes and the measurement is stated in the second column. 

Table 1. 

Day of' A#t* 

m * itk'iU oleetro Concentration in gram-t*(jmvalonls per litre Water 
dos 




0-2 

01 

0-02 

0*01 

0005 

0*002 

0-001 


17. XII. 1931 

0 

0*2350 

0-2240 

0-2088 

0-1999 

0*1978 

0*1872 

0*1864 

0*1816 

18. XU. 1931 

30 

0-2433 

0-2341 

0*2156 

0-2118 

0*2077 

0*2000 

0-1993 

0-1958 

19. XII. 1931 

48 

0-2444 

0-2350 

0*2210 

0-2127 

0*2088 

0*2014 

0*2005 

0-1979 

19. XII. 1931 

55 

0*2448 

0-2341 

0*2209 

0-2131 

0*2097 

0*2011 

0*2003 

0*1968 

20. XII. 1931 

71 

0-2452 

0-2354 

0-2211 

0-2134 

0*2090 

0*2017 

0*2011 

0*1971 

21. XII. 1931 

95 

0*2466 

0-23M 

0-2226 

0-2144 

0*2105 

0*2018 

0*2018 

0-1985 

21. XII. 1931 

103 

0-2463 

0-2370 

0-2222 

0*2138 

0*2097 

0-2018 

0*2013 

0*1985 

22. XII. 1931 

119 

0*2475 

0-2378 

02223 

0-2150 

0*2102 

0-2025 

0-2019 

0*1985 

22. XII. 1931 

127 

0*2477 

0-2381 

0-2232 

0*2147 

02108 

0*2029 

0-2027 

0*1991 

23. XU. 1931 

143 

0-2480 

0-2390 

0-2238 

0*2159 

0*2121 

0*2045 

0*2050 

0*2020 

23. XU. 1931 

151 

0*2487 

0-2389 

0-2230 

0*2152 

0*2111 

0*2033 

0*2042 

0*1997 


Table II. contains the results of the calibration of this calcium 
electrode according to Nemat’s formula (for 18°C): 

f * 0 t~ 0*02887 . log [IV], 

for the purpose of estimating the value of the hypothetical normal 
potential, r 0 , of calcium in this electrode. The potentials, r c , measured 
against a decinormal calomel electrode were recalculated for a normal 
hydrogen electrode (e h ), according to the formula (for 18°0) 

f r --- fh — 0*3380 volts. 7 ) 
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Table II. 


Age of 
the 

electro- Concentration in gram-equivalents per litre 
des 


(mean 
of the first 
four va¬ 
lues) 


Solubility 


0-2 0-1 0*02 0*01 0*005 0*002 0*001 


48 0*6075 0*6057 0*6101 0*6099 0*6143 0-6180 0*6255 0*6083 + (0*00311) 

± 0*0021 

55 0*6079 0*6048 0*6100 0*6103 0*6152 0*6177 0*6253 0*6083 + 0*00285 

+ 0*0025 

71 0*6083 0*6061 0*6102 0*6106 0*6145 0*6183 0*6261 0*6088 + 0*00280 

+ 0*0021 

95 0*6097 0*6075 0*6117 0*6116 0*6160 0*6184 0*6268 0*6101 ± 0*00282 

+ 0*0020 

103 0*6094 0*6077 0*6113 0*6110 0*6152 0*6184 0*6263 0*6099 + 0*00287 

+ 0*0017 

119 0*6106 0*6085 0*6114 0*6122 0*6157 0*6191 0*6269 0*6107 + 0*00269 

+ 0*0016 

127 0*6108 0*6088 0*6123 0*6119 0*6163 0*6195 0*6277 0*6110 + 0*00276 

+ 0*0016 

143 0*6111 0*6097 0*fU29 0*6131 0*6176 0*6211 0*6300 0-6117 4 (0*00328) 

± 0*0016 

151 0*6118 0*6096 0*6121 0*6124 0*6166 0*6199 0*6292 0*6115 + 0*00278 

+ 0*0013 


As is seen from Table II. the values for the potential r 0 can be 
considered practically constant only for the first four concentrations 
(0*2*, 0*1-, 0-02- and 0-01-normal). At the remaining concentrations 
(0*005-, 0*002- and 0-001-normal) the absolute values of the hypotheti¬ 
cal calcium potential are increasing continually owing to the solubility 
of calcium phosphate used as depolarizer, the increase of calcium ion 
concentration due to this cause being not negligible at these dilutions. 
The potentials became steady after about 48 hours. For this reason 
the first two measurements (after 6 and 30 hours were not taken into 
account in making the calculation. 

In order to estimate the solubility of calcium phosphate as depo¬ 
larizer in this electrode we may put for e in Nernst’s equation the 
value of the potential measured with pure water saturated with both 
depolarizers, and for e 0 the value of the hypothetical calcium potential 
found with the first four concentrations. We can then write 

f - f 0 f 0-02887 . log k. 

The values of the solubility, k, calculated from this equation are 
given in the last column but one of Table II. They are on the whole 
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constant —0*00280 ~ corresponding to a 0-003-normal concentration 

of calcium ions. (Two values, marked off by brackets, which are, for 
unknown reasons, much higher, were not taken into account). From 
this it follows that the applicability of this electrode for measuring 
calcium ion concentration is practically limited to solutions of higher 
concentration than 0'005-normal. In more dilute solutions the measure¬ 
ments would be considerably inexact, the differences between the 
measured potential growing increasingly smaller with dilution, as is 
seen from Fig. 1 (full curves), the upper half of which gives the depen¬ 
dence of the measured potential on the logarithm of the ion concen¬ 
tration, the lower half that of the potential on the logarithm of‘the 
dilution. 



The values of the potential measured during a period of several 
days increase continually at all concentrations. The potentials did not 
become steady, evidently because the electrodes have not attained 
equilibrium state. The slow 7 increase of potential with time is apparent 
from Fig. 2. The full curves in Fig. 1 give the values of potential 
measured 48 hours after construction of the electrodes, the dashed 
ones those measured after 151 hours. The dependence of the hypotheti¬ 
cal calcium potential, t 0 > calculated from the four highest concentra¬ 
tions (see the last column of.Table 11) on time (in hours) elapsed from 
the moment of construction of the electrodes is described in Fig. 3. 

The cause of the continual increase of potential of these electrodes 
is to be sought in an inappropriate choice of the depolarizers. The 
tricalcium phosphate is decomposed by water with the formation of 
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calcium hydroxide (see (imelin-Krauts Handb. d. a rung. (them. II., 
2 , p. 295, Heidelberg 1909). Considering the presence of mercuric 
phosphate as the second depolarizer the dependence of the potential 
on time is not surprising. It may be noted in this connection that the 
originally white mixture of both depolarizers turned yellow after a 
few weeks in all stock solutions. Tims also this combination is unsuit¬ 
able for constructing a calcium electrode of the third order. The 
change in potential found in about 100 hours amounts to 3 millivolts. 



It is important to note that, the electrodes were kept at constant 
temperature in the thermostat uninterruptedly during the whole time 
of investigation of this series In another series of measurements 
where the thermostat was switched off overnight the results were less 
regular, the systematic changes of potential being masked (because 
of changes of solubility of the depolarizers w ith temperature and slow 
attainment of equilibrium after regaining the original temperature). 
These effects produced a false appearance of constancy, as if the 
electrode had became steady and applicable for the end in view. 

As to the applicability of this electrode for determining calcium 
ion concentration in animal physiological solutions — apart from the 
considerable solubility of tricalcium phosphate and the presence of 
phosphate ions in these solutions — it cannot be used for this purpose 
because of the presence of chlorine ions in such solutions, even if due 
account be taken of the dependence of its potential on time. It is 
impossible to calibrate this electrode with a calcium chloride solution, 
because the mercuric salt used as depolarizer is reduced by mercury 
to mercurous salt, and calomel is formed in presence of chlorine ions. 
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With a calcium chloride solution the conditions are here quite analo¬ 
gous to those of a silver electrode with phosphates as depolarizers. 

Harnapp 2 ) investigated the combinations 

I. BgjHgAVO^ CaWOJCa\ 

II. Hg Hg 2 (l 2 0 4 , Ca(\OJ(h” 

and studied the influence of sodium nitrate as indifferent electrolyte 
on the measured potentials. Roth types of electrodes were calibrated 
with calcium nitrate solutions. The value of the potential was changed 
the more, the higher was the concentration of sodium nitrate. Rar- 
napp explains this by a change of activity. Of both combinations he 
considers the oxalate one as very suitable. He measured this electrode, 
when it became steady, after lb hours, and states that no appreciable 
change in potential occurred after three days. The following up of 
the potential for a longer time is important, because it allows us to 
look more deeply into the chemical processes going on within the 
complicated system of the electrode. According to our own experience 
a time of three days is comparatively short for a decision whether the 
electrode has actually become steady. It is also improbable that 
mercurous oxalate would be especially stable in comparison with 
other mercuric or mercurous salts. It is true that a little dependence 
of the potential on the age of the electrode must not prevent its 
practical use, for which it suffices, if the potential is reproducible 
within a short time after construction of the electrode. As is apparent 
from Rarnapp’s measurements, this requirement is satisfied in his 
electrode. Because of the very low solubility of calcium oxalate this 
electrode could be used profitably up to concentrations as low as 
0-0001-molar and is thus to be preferred to the phosphate electrode. 

Is it permissible, however, with regard to Luther's second con¬ 
dition, to use these electrodes in solutions containing chlorine ions, 
thus also in physiological solutions, for estimating the concentration 
of calcium ions? This is very doubtful, because as in the electrodes 
with silver as metal silver chloride is formed, in the electrodes with 
mercury as metal very probably calomel is formed as the least soluble 
mercury*) salt of all those which can occur in combinations proposed 
hitherto for constructing calcium electrodes of the third order. 


*) It is to be noted that mercuric salts are reduced to mercurous ones 
in contact with metallic mercury of the electrode. 
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From the foregoing discussion it follows that no one of the combi¬ 
nations, which should serve as calcium electrodes of the third order 
and were investigated by us, is entirely satisfactory, one or more of 
the fundamental conditions formulated by Luther being not fulfilled. 
These difficulties are not surprising in view of those which are met 
with even in constructing suitable electrodes of the second order. 
Because the choice and suitability of the depolarizers depends consider¬ 
ably also on the anion of the electrode solution (e. g. in presence of 
chlorine ion silver and very probably also mercury must be discarded 
as electrode metals) and the depolarizers containing heavy metals 
are often unstable (being for instance decomposed hydrolytically), 
there is little hope that a search in this direction, to find a satisfactory 
method for estimating electromotrieally calcium ion concentration in 
solutions, would meet with success. Complications may arise also 
from the presence of other salts in unknown amounts in the solutions 
investigated, as is seen from the work of Harnapp, this being es¬ 
pecially important in the study of physiological solutions which gave 
the impetus to a more active attention to this subject in the present 
time. 

Brno. January lUJJ. 

The second physical laboratory of the 
i'eskd rysokd skola technic I'd , Brno . 
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HIGHER-VALENCY IONS AND THE ACTIVITY. II.THEORETICAL 
DISCUSSION ON THE BASIS OF THE POISSON-BOLTZMANN 

EQUATION. 

By J. B. CHLOUPEK, VI. Z. DANES and B. A. DANESOVA. 


r Fhe paper immediately preceding thin one 1 ) contained the experi¬ 
mental results of our study on the solubility relations of cerium iodate 
in aqueous solutions of some strong electrolytes, our aim being to 
contribute to the question of sufficiency of the “La Mer extension” 
(as we shall designate the mathematical completion of the original 
Debye-Hiiekcl theory, due to La Mer, (ironfall and Sandved) 
to explain quantitatively the anomalous results appearing in the cases 
of high-valence electrolytes. This paper deals exclusively with the 
theoretical meaning of our ex peri mental work. 

The difficulties involved in the mathematical treatment of the case 
of unsymmetrical electrolytes of the higher valence type are very 
serious. It is only a year ago 2 ) that La Mer and his co-workers sueeed- 
ed in mastering them sufficiently to complete satisfactorily the work 
begun in 1928. It is quite out of question to give here all of their 
necessary deductions in appropriate form. We shall content ourselves 
with the final expressions. 
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B * {X) (‘wS 1* i 2 Xa * < x) “ 2 Y * H' 

I^lSAi (x)-2Y 3 (x)]; 


The quantities in square brackets were numerically evaluated and 
tabulated. 8 ) Putting in all the constants and converting to Briggsian 
logarithms we obtain the last equation on p. 474 of our preceding 
paper (1. c. 1), here numbered (2): *) 
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These two equations are valid only for binary mixtures, i. e. involv¬ 
ing the solvent and one solute only, whereas the ternary mixtures 
(ternary in the sense customary in the solubility treatment, not in 
the phase theory meaning), i. e. solvent and two solute salts, necessitate 
an additional term of the equation, this term being a function of the 
ionic concentration of the “added” salt and of the number of charges 
carried by one ion: 

... MWi 1 f V/ f ‘) \ f \+ W' + J ) (3) 

h ' %(>’,«i 4- V^i) + n 2 (v 3 zl + r 4 z;) 

Here signifies: 

% number of moles of the saturating salt 
n 2 „ ,, ,, ,< ,, added salt 

v 1 „ ,, cations of the saturating salt, their valency being z x 

v 2 } , ,, anions ,,,, ,» ,, ,, ?? ,, z 2 

v 3 „ „ cations „ „ added „ „ „ „ z 3 

^4 ,, m anions ,,,, ,, ,, ,, ,, ,, 


*) It is necessary to mention there that La Mer and co-workers in their 
latest paper already referred ter inadvertently omitted the powers of the coef¬ 
ficients in their equation, which naturally changes the resulting number. In 
their previous paper this equation is written correctly. The constants mentioned 
are also involved implicitly in the equation (1) (the expressions). A typo¬ 
graphical error occurs also in the last term of their equation (18), 1. c. p. 2283, 
where one should read q 3 instead of 
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It follows necessarily: 

v l Z l ~~ V 2^Z > 

and the equation becomes: 
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The validity of this expression can be tested in various ways. One 
of the best methods consists in determining the solubility changes, 
due to added electrolytes, of an appropriate difficultly soluble salt. 
La Mer (1. c.) contented himself with the proof that in his case the 
calculated “a” values are not absurdly low or even negative. We shall 
go farther and endeavour to obtain not only acceptable ionic diameters 
but also values consistent with those given by modern physics on 
the basis of considerations of another nature. 


Discussion of the Numerical results. 

In the following four tables there are given the activity coefficients, 
and the quantities characterizing the solutions in question. The “ex¬ 
perimental” activity coefficient is defined by the expression: 

— log /exp. - log S/S {) — log /o (6) 

The first graph gives the curve of log S/S 0 as function of the con¬ 
centration. It shows the characteristic “hump” (La Mer’s term). In 
the last column of the table are the activity coefficients calculated 
from the Debye-Hiickel equation for the ionic diameter a—0. 
(The first column of each table gives the concentration of the added 
salt, expressed as rnols to 55.51 mols H 2 0 (1000 g), the third 
contains the ionic strength u: 

Z\ Wl + A m 2 

* 2 ' 

Mi and being the stoichiometric concentrations of the ions). 
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In the ease of very sparingly soluble salts the activity coefficient 
can be determined graphically by extrapolating the curve log 8/8 0 vs. 

] ! (Diag. 1). In our case, we prefered to follow here the example 
of the authors aforesaid who take for log / 0 the value calculated from 
the I).-H. simplified equation (a—0). This circumstance will be 
discussed later on. 



Solubility of Ce(I0 9 ) a in KNO A , , MgSO 4 and MgC( 2 . 

1). H. L. L. denotes the straight line of the Dobye-fluckel limiting law. 

Table 1. 


Cerous iodate in potassium nitrate. 


M 

log 

/< 

l\" 

log /exp. 

Ah 

diff. log /ex p. 

0 (HP) 


0*0156 

0*1250 


- 0-1893 

- - log fth 

0*005 

0*02780 

0*02166 

0*1472 

— 0*21710 

— 0-2229 

— 0*0058 

0010 

0*04737 

0*0274 

0*1657 

— 0*2367 

- 0-2510 

— 0*0143 

0*020 

0*08313 

0*0389 

01972 

— 0*2724 

— 0-2987 

— 0*0263 

0*050 

0*14497 

0*0718 

0*2680 

- 0*3343 

— 0-4058 

— 0*0715 

0*100 

0-19900 

0*1238 

0*3518 

— 0*3883 

•- 0-5327 

- 0*1344 

0*200 

0*25565 

0*2282 

0*4778 

~ 0*4450 

— 0-7232 

— ,0*2782 

0*500 

0*36097 

0*5359 

0-7321 

— 0*5503 

— 1-1080 

- 0*5577 
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Table II. 


Cerous iodate in potassium sulphate. 


M 

log 8/8, 

/' 

IV- 

log fpx p. 

— /til 

cliff. 

0-002 

0-06529 

0-0242 

0-1553 

0-2546 

0-2352 

! 0-0194 

.0-005 

013616 

0*0364 

0-1906 

0-3255 

0-2887 

4 0-0368 

0-010 

0-21155 

0-0557 

0-2360 

0-4009 

0*3575 

4 0-0434 

0-020 

0-30678 

0-0917 

0-3029 

0-4961 

0-4588 

t 0*0373 

0-050 

0-41750 

0-1909 

0-4370 

0-6068 

0*6620 

--- 0-0552 

0-100 

0-51430 

0-4011 

0-6336 

0-7036 

0-9600 

— 0-2564 




Table 

111. 





Ceram 

i iodate in M<j 80 A . 



M 

log .S'AS’o 

f< 

IV- 

log /<-X|> 

/tli 


0-002 

0-07451 

0-0266 

0-1630 

0-2638 

0-2470 

f 0-0169 

0*005 

0-14912 

0-0420 

0-2050 

0-3384 

0-3105 

0-0279 

0-010 

0-22644 

0-0663 

0-2575 

0-4157 

0-3902 

f 0-0255 

0-020 

0-31387 

0-1122 

0-3351 

0-5033 

0-5076 

- 0*0043 

0-050 

0-43314 

0-2424 

0-4926 

0-6224 

0-7460 

- 0-1236 

0100 

0-54145 

0*4544 

0-6740 

0-7308 

1.0210 

0-2902 




Table 

TV. 





Cerous iodate 

in Mg < V 2 . 



M 

log 818, 

ft 

l\" 

- log /ex|i. 

- Jog fth 

<lifT. 

0-002 

0-03344 

0-02288 

0*1513 

0-2227 

0-2292 

0-0065 

0-005 

0-06110 

0*0330 

0-1816 

0-2504 

0-2751 

0-0247 

0*010 

0-09771 

0-0496 

0-2227 

0-2860 

0-3373 

— 0-0513 

0-020 

0-14543 

0*0819 

0-2862 

0-3347 

0-4333 

0-0986 

0*050 

0-23621 

0-1769 

0*4208 

0-4255 

0-6370 

0-2115 

0*100 

0-30968 

0-3319 

0-5760 

0-4990 

0*8723 

— 0-3733 


The differences between the experimental and calculated activity 
coefficient values are considerable, as could be expected. In the case 
of potassium nitrate and of magnesium chloride all deviations are 
negative, w r hereas in that of potassium sulphate and of magnesium 
sulphate the reverse is true showing the influence of the #0 4 " on the 
tervalent cerous cation. One must bear in mind that the expression: 

(«) 


log / ~ h . z x . z 2 . \ u 
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is valid only in extremely dilute solutions, inasmuch as it neglects the 
ionic diameter (the denominator of the fraction: 


log/ 


- h . % . Zg . Vfi 

•1 + g • a \ n 
approaches zero only in very dilute solutions) 


0-4343 . f 5 Zi . z t 
2D . k . T 


1 + Kd 


w 



Fig. 2. 

The values of a for various a 0 in the application of the Dobye-U ticket 
equation (3) and a from La tier’s equation for Cr(/0 3 ) 3 in solutions of KN0 9 . 



Fig. 3. 

Values of a for various a 0 in the application of Pebye-Huckel equation (3) 
and a from La Mei’s equation for 0e(J0 8 ) 3 in solutions of K^SO^. 
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If we take into consideration the influence of the ionic diameters, 
we must make use simultaneously of the more complicated equation (9) 
instead of (8). This means that all results are changed by a constant 
value. In this point we differ from La Mer’s treatment of the question, 



Fig. 4. 

'Values of a for various a 0 in the application of Debyo-Huekol equation (3) 
and a from La Mer’s equation for Ce(/O a ) 3 in solutions of MgS(\. 


the author just named neglecting this substantial difference. We en¬ 
deavoured to test impartially whether it was possible to obtain ac¬ 
ceptable results by using solely the “first D.-H. approximation 94 (in 
the case of highly charged ions) at this point. We shall not tabulate 



Fig. 5. 

Values of a for various a 0 in the application of Debye-Hiickel equation (3) 
a-nd a from La Mer’s equation for Oc(J0 8 )s in solutions of MgCl 2 . 
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here the — log /theor. values, our chosen variable being a, the ionic 
diameter, whose changes furnish a better criterion of the validity of 
the equation (8). Our procedure was to take for —log / 0 the values 
calculated for a 0 - 0, 1, 2, 3, 4 successively. Starting with this basic 
quantity one can calculate the experimental values from the equation 
(6). These values served us to calculate backwards from (8) such 
values of “a” as will give figures as close as possible to the experimental 
results. The numbers obtained in this way are contained in the tables V 
to VIII and represented on the diagrams 2 to 5. 

Table V. 

Ve.ro ws iodate in potassium nitrate. 


M 

0 

"o =~ 1 

a 0 =- 2 

u o " 3 

4 

0*005 

0*554 

1-314 

2*043 

2*798 

3*525 

0*010 

M12 

1*75 

2*30 

2*99 

3*59 

0*020 

1*49 

1*97 

2*43 

2*89 

3*33 

0*050 

2* 43 

2*75 

3-0J 

3*34 

3*03 

0*100 

3*22 

3*40 

3*07 

3*89 

4*10 

0*200 

3*99 

4* 17 

4*33 

4*50 

4*05 

0*500 

4*22 

4*34 

4*44 

4*55 

4*05 



Table 

VI. 




Vetrov *h iodate in potassium sulphate. 


M 

a 0 - o 

-■= 1 « 

a o 2 

r / 0 - 3 

a* 4 

0*002 

— 1*50 

0*95 

- 0*43 

0*11 

0*02 

0*005 

1-81 

- 1-47 

1*10 

- 0*85 

0*54 

0*010 

- 1*40 

1*17 

- 0*98 

— 0*77 

- 0*58 

0*020 

- 0*70 

- 0*01 

0*48 

0*35 

0*23 

0*050 

0*03 

0*73 

0*82 

0*90 

0*98 

0*100 

1-81 

1*83 

1*89 

1*95 

2*01 



Table 

VI1. 




Verous 

iodate in magnesium sulphate .. 


M 

f/ 0 0 

a„ ■- 1 

«« - 2 

n„ = 3 

— 4 

0*002 

- 1*19 

— 0-68 

~ 0*20 

0-30 

0*77 

0*005 

- 1-22 

— 0-92 

- 0*03 

- 0-34 

-- 0*06 

0*010 

— 0*73 

- 0-52 

— 0*33 

- 014 

0*03 

0*020 

0-08 

0-22 

0*34 

0-47 

0*59 

0*050 

1*23 

1-32 

1*40 

1-47 

1*56 

0*100 

1*80 

l-8tt 

1*92 

198 

2*04 



Table VIII. 

Cerous iodate in magnesium chloride. 


M 

a Q — 0 


«» - 2 

3 

r / 0 -- 4 

0002 

0-59 

1-31 

200 

2-71 

3*41 

0-005 

1-66 

2-23 

2-77 

3*32 

3*85 

0-010 

2-46 

2-83 

3*24 

3-65 

4*04 

0-020 

3-14 

3-46 

3*75 

4-05 

4*33 

0-050 

3-60 

3-73 

3*98 

4-16 

4*34 

0100 

3-96 

404 

4-24 

4-36 

4-48 


On these graphs, the “a” values ai*e taken as abscissae and the 
square roots of the ionic strength as ordinates, the initial ordinate 
being 1 1 jul corresponding to the solubility of cerous iodate in pure 
water. In the case of the sulphates of potassium and of magnesium there 
is a marked maximum in the negative region of the .r-axis(-a). The 
other two electrolytes ( KN() H and MgCl 2 ) show maxima only for a f) -- 3. 
The negative ‘V’ values lack, of course, any physical meaning and 
the whole course of the curves is clearly to the disavantage of the 
theory, these curves prolonged to intersection with the .r-axis giving 
in no case the true value of about 3 A. U. The angles intercepted 
l>etween the tangents of the curves and the axis are always greater 
than 90°, more near to 180°, having infinity as limit for a 0. 

It is also proved definitely that the first approximation D.-H.’s 
cannot give satisfactory agreement with the experimental data. Our 
further procedure was as follows: 

Starting with La Mer s equation (5) we calculated the activity 
coefficient from the solubility of cerium iodate in water taking <i as 
3-5, Adding the log 8jS 0 values to log / 0 we obtained the solubility 
numbers on the hypothesis that for concentrations of the salt lower 
than that corresponding to the solubility in pure water the a - 3-5, 
which is more acceptable than a — 0. For these “ex peri mental’ values 
we calculated backwards the ‘V v s for such concentrations w r here the 
theoretical equation furnishes values in agreement with the experi¬ 
ment. These calculations are very tedious, inasmuch as the equation 
in question is not only lengthy but also of the third degree, solvable 
only by successive approximations. That explains why the calculated 
quantities are never entirely concordant svith the experimental ones, 
as the computations were pursued only to agreement w ithin the limits 
of experimental precision. 
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The following tables contain in the second column, the ionic dia¬ 
meters calculated as stated above; in the third, the —log / (experi¬ 
mental), for which the — log / 0 has been calculated using La Mer*s 
equation (5); the fourth shows the results of application of (5) to “<x”'s 
given in the second. The following two columns furnish the actual / 
values corresponding to log /; and in the last are (for comparison 
purposes) the activity coefficients calculated by means of the ‘limit¬ 
ing law” (a = 0). 


Table XX. 

Verovs iodate in potassium nitrate . 


M 

a 

-log/exp. 
a 0 -= 3*5 
La Mor 

— log i 
theor. 

La Mor 

/ exp. 
a„ = 3-5 

/ theor. 

/D. 3L 
theor. 
a 0 — 0 

0 (H/>) 


0-2240 

-- 

0-5902 

— 

0-0407 

0-005 

3-5 

0-2524 

0-2521 

0-5592 

0-5590 

0-5986 

0-010 

3-4 

0-2720 

0-2077 

0-5340 

0-5399 

0-5018 

0-020 

3-5 

0-3077 

0*3079 

0-4924 

0-4922 

0-5027 

0-050 

3-6 

O-3090 

0-3094 

0-4270 

0-4272 

0-3928 

0-100 

3*8 

0*4230 

0-4202 

0-3770 

0-3801 

0-2933 


Table X. 

Vermis Mate in potassium sulphate . 


M 

a 

t w. La Mcr 

La Mer 

/ exp. 

(f n 3*5 

/ theor 

/I). H. 
theor. 
«„ 0 

0*002 

3-5 

0-2899 

0-2858 

0-5130 

0-5179 

0-5818 

0-005 

3-3 

0-3008 

0-3584 

0-4357 

0-4381 

0-5144 

0-011 

3-20 

0-4302 

0-4388 

0*3503 

0*3041 

0-4390 

0-02 

2-05 

0-5313 

0-5318 

0-2942 

0-2939 

0-3477 


Table XL 

Cerous iodate in magnesium sulphate . 


M 

a 

log / exp. 
a 0 5=5 3*5 
La Mer 

log f theor. 
La Mer 

/ exp. 
a„ = 3-5 

/ theor. 

/ D. H. 
theor. 
a* ~ 0 

0-002 

3-3 

0-2991 

‘ 0-3030 

0-5022 

0-4978 

0-5662 

0-005 

3-20 

0-3737 

0-3739 

0-4230 

0-4228 

0-4892 

0-010 

3-2 

0-4510 

0-4539 

0-3540 

0-3468 

0-4072 

0-020 

3-3 

0-5386 

0-5319 

0-2893 

0-2938 

0-3107 
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Table XII. 

Cerous iodate in magnesium chloride . 


M 

a 

log / exp. 
a, = 3-5, 
La Mer 

log / t-heor. 

L a M e r 

/ *‘ Xp . 

a„ 3-5 

f tlieor. 

/ 1). H. 
tlieor. 
c/ 0 0 

0-002 

3*5 

0*2580 

0*2504 

0-5521 

0*5541 

0*5900 

0-005 

3*5 

0*2857 

0*2894 

0-5180 

0*5136 

0*5308 

0-010 

3*6 

0*3223 

0*3230 

0-47(51 

0*4754 

0*4600 

0-020 

3*67 

0*3700 

0*3711 

0-420(5 

0*4255 

0*3687 


The tabulated results show clearly that the ionic diameters calculat¬ 
ed from La Mer\s equation are much more constant than those in 
the preceding tables. They fluctuate betwoen 3-2 and 3*8 A. l T . (Only 
one exception [potassium sulphate 0*02 M | gives a 2*05 A. .U.) 
It will be well to mention there that the use of the equation aforesaid 
is limited only to higher dilutions, the necessary ^-functions being 
tabulated only to jr -- 0*4. The concentration range had therefore its 
limit at 0-02 71/, save in the case of potassium nitrate. It would hardly 
bo advisable to enlarge this range by extending the necessary ^-values, 
considering the validity limits of the theory. 

The fluctuations of the ionic diameter mentioned above show certain 
regularities and are not to be accounted for by experimental errors. 
La- Mer and co-workers in their paper referred to above (1. c. 2), 
(the only application of their theory to solubility measurements) were 
constrained to choose a ~ 1*6 A for the case of luteo cobaltic diamino 
dinitro oxalo cobaltiate in potassium sulphate solutions in order 
to obtain sufficient, agreement with their experimental results (for 
0*0002—0*001 M K 2 tiOt). We have carried out their calculations fur¬ 
ther and obtained fairly considerable fluctuations of the ionic dia¬ 
meters,*) Before considering the probable causes of these fluctuations 
we shall recapitulate here the fundamental assumptions of the D.-H. 
theory: 

1. Strong electrolytes are completely dissociated. 

2. The nearest distance of approach of two ions in a solution is the 
same for every kind of ion in this solution (i. e., a represents something 
like mean value). 

3. In order to calculate the electrostatic potential of a certain ion, 
t is permissible to replace the charges of aU the other ions by a 

*) The results will be published later in the paper following this. 
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continuous, spherically symmetrical charge distribution filling the 
space outside of a sphere of diameter a, its charge, density being given 
by Boltzmann's statistical law. 

4. This potential is ruled by Poisson’s equation, with the dielectric 
constant D assumed to be the same as for pure solvent. 

5. At the distance £ V’ the potential and intensity of the electric 
field is equal to that for a point charge in the centre of this field and 
of the same magnitude and sign as the charge of the ion. The most 
questionable assumption seems to be, at a first glance, the fourth. 
This question is fully discussed in the literature (see ref. 4). The 
experimental verification of this independence of the dielectric con- 
stant of the solvent on the solute present in small quantities is an 
arduous task and the results obtained as yet are not too reliable. We 
must bear in mind that the experiment gives at best only a probable 
value of the macroscopic dielectric constant. The influence of strong 
electrolytes thereon and the agreement of diverse values has been 
tested by several workers (5). The procedure was to change gradually 
the dielectric constant of water by adding sucrose, ether, alcohol etc. 
A quite sufficient agreement with the theory was found. La Mer (f>) 
proves that his equation gives very good values in the case of symmetri¬ 
cal electrolytes (c. g.. ZnSO 4 0*0005- -0*01 M), with changing tem¬ 
perature, the differences in the ‘Vs being only a few per thousand, 
in the present state of the question we can consider the changes of 
the dielectric constant of solutions up to 0*01 M to be practically 
negligible . 

The first assumption being sufficiently valid and the third not being 
under consideration in our case, we may limit the discussion to the 
assumption 2 and 5. 

Taking into consideration the excellent agreement found by La 
Mer (1. c. 5) for zinc sulphate, the conclusion seems justified that the 
fields of force are fairly well balanced out in the case of symmetrical 
ions. One should remember that for a mixture of electrolytes one 
cannot expect the “a*' to be completely constant, inasmuch as this 
quantity represents the mean for all the ions present in the solution, 
and if the ions of the added salt have the ‘ V's markedly different, 
the resulting 4 ‘common a" will be contained in the limits given by 
both electrolytes. Naturally, these limits cannot be transgressed, if we 
consider this effect alone. Therefore, these fluctuations should be 
relatively not too important. 



33 


In the case of assymmetric electrolytes, there is a marked lack of 
these balanced fields mentioned above, and under these conditions 
the distribution of the electrical forces around the ions is certainly 
more complicated. As long as we consider one electrolyte only, La 
Mer’s equation seems to describe the phenomena quantitatively, as 
one can see (1. c. 2) from the results of its application to electro¬ 
motive force measurements, to freezing point depression etc. When 
the system is complicated by adding another electrolyte, there is a 
profound change in the relations between the ions, the most important 
point being the charge numbers of the respective ions of the added 
salt. There are, of course, many combinations possible. But we shall 
limit our considerations to the case forthcoming in our experimental 
work, namely the (3:1) saturating salt and (1:2) added electrolyte. The 
ionic charges are here entirely unsymmetric in both directions. One can 
be fairly confident that the ionic atmosphere surrounding a tervalent 
cation would be rich in bivalent anions, and even that the possibility is 
not excluded of the enhanced electrical field strengths causing some 
changes in the inner sphere of the ions, in contravention of assumption 
(5). One can express this otherwise by saying that for certain con¬ 
centration relations of a mixture of electrolytes with oppositely unsym- 
metrical ionic charges there may appear a marked polarisation of 
the ions, leading to strengthening of their mutual attraction forces, 
and to lowering of the activity values of single ions which in its turn 
causes the solubility to be greater than is supposed by D.-H. and 
La Mer’s theories. This solubility increase lowers, of course, the 
value of the activity coefficient as found experimentally. In order to 
bring these values into harmony with the theory, one is obliged to 
use lower “a” values than those usually accepted. In this manner 
one can explain the fluctuations observed in the experimental data. 
One cannot say at present what is the physical significance of “a” 
in this case, and it is quite possible that here this quantity is only 
a mathematical parameter. One can but suppose that in similar cases 
of polarisation ('"deformation”) of the ions, the field in their surround¬ 
ings is entirely assymetric, with equipotential surfaces of high algebraic 
order. The mathematical treatment of this suggested complication 
would be a very heavy task, scarcely to be accomplished quantitatively 
in the near future. 

The relations just discussed are apparent from the data of the three 
last tables. (IX—XII.) In the case of potassium nitrate (symmetrical 
1:1 electrolyte) the “a” changes with concentration are uniform (the 
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only deviation at 0*01 M being probably due to an experimental 
error), the resulting curve forming an approximately straight line 
perpendicular to the #~axis; a marked bend appearing only at higher 
concentrations. This is what one is led to expect in confirmation of 
La Mer's theory on one hand, and on the other of the correctness of 
our chosen value. (This number being found by successive steps). 
The influence of the “a” values for K' and for NO' z not being equal 
thus appears only at higher concentrations. 

The circumstances in the case of potassium sulphate are wholly 
different. This illustrates what was said above for (3:3) and (1:2) 
electrolytes. The solubility (as shown on the curve log S/S 0 vs. ][a y 
diag. 1, with the characteristic “hump”) increases rapidly and “a” 
falls as low as 2*05 A. IT. Nevertheless, the initial tangent to the 
corresponding curve (diag. 3) is nearly perpendicular to the #-axis 
(as in the former case). 

The pair with MgCL as the added saifc ([3:1] and [2:11 electrolytes) 
with higher valence ions of the same sign shows, as expected, hardly 
any deformation and the constancy of the “experimental'' values is 
excellent here. In the combination with the magnesium sulphate ([3:1] 
with [2:2] salt) the influence of doubly charged sulphate ion is nearly 
(but not entirely) compensated by that of Mcf\ therefore the “hump’" 
appears here also and the ‘V’ values go through a minimum before 
increasing again. 

We believe we have proved satisfactorily that in those cases the 
real complications are greater than is supposed and encompassed by 
Debye-Huckel and La Mer’s equations. One can doubt if farther 
developing of the original expression (as suggested by the author 
last named, 1. c. 2) could be of real value here. We hope to be able to 
publish shortly a further contribution to this problem. 

Summary. 

The fundamental Poisson-Boltzmann equation developed by 
La Mer and his co-workers to encompass also the higher valence 
types of the electrolytes was applied to the case of the solubility of 
cerium iodate in aqueous solutions of various salts, the experimental 
data being given in the preceding paper ( Collection , 1. c. 1). 

The resulting theoretical values were tabulated and represented in 
the form of graphs. 

The results of their discussion can be summarized thus: the relations 
in the systems in question cannot as yet be represented quantitatively 
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by any of the existing theories, including that of La Mer, Gronwall 
and Sandved. Nevertheless, the work of the last named authors 
furnish the best mathematical means at present available to express 
the experimental data up to the present limits of experimental 
precision. 

The present work was carried out in the Institute of Physical 
Chemistry , Faculty of Chemico-technological Engineering of the 
Ceske Vysoke Uceni Technicke , Prague. 
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ESSAT II’UNE NOUVELLE FIGURATION 
1)ES COMPOSES CH1MIQITES 

par MARIUS REBEK. 

La theorie de la coordination dc Werner embrace, apres certaines 
modifications, un nombre considerable de faits experimentaux apparte- 
nant surtout k la cliiinie inorganique. Mais elle a fait ses preuves 
cgalement en chimie organique. On sait qu’il n'a pas etc possible 
dVitablir un systerne base sur un seul nombre coordinatif. Outre 
le nombre (>, qui apparait le plus souvent, on rencontre en effet le 
nombre 4 (carbone, ammonium, phosphonium, etc.), puis le nombre 3 
(oxonium, sulfonium, carbone); il y a meme des combinaisons oil se 
trouvent coordonnes deux groupes seulement. 

La haute valeur du systeme Werner consistait des le debut en ce 
qu’il distingue les liaisons polaires (eoordinatives) des liaisons non 
polaires. Werner se figurait les atomes ou groupes lies de maniere 
polaire ou ionogene com me etant disposes dans la sphere ext<$rieure 
autour de Fatome central. 

L’emploi de la theorie de Werner en chimie organique suppose 
Fidentification de la liaison existant dans la premiere sphere (liaison 
coordinative) avec la liaison „organique“: dans ce sens, on parle 
du carbone tetravalent coordinatif. 

Bien que le systeme elucide parfaitement des domaines tres ctendus 
de la chimie, il manque jusqu’4 present d une assise theorique. 

Ce qui va suivre ne doit evidemment etre eonsid<5re que commo 
une ebauche basee uniquement sur Femploi de conceptions physiques. 

On peutenvisagerla theorie des octets electroniques, nee des eonnais- 
sances nouvelles sur la constitution des atomes, commeun essai d’expli- 
quer le nombre coordinatif et la valence totale des atomes ou des ions. 
La theorie des octets distingue entre la valence polaire et la non 
polaire; la valence polaire prend naissance lorsqu’un Electron passe 
aun atome voisin, la valence non polaire, lorsque deux atomes capable® 
de se lier Fun a Fautre poss&dent un Electron commun. Les atomes 
coordinativement satur6s sont entour^s de 8 electrons formant ce 
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qu’on appelle un octet (le squelette des gaz rares); l’hydrog&ne exige 
des doublets, c’est a dire il complete le premier anneau electronique 
du noyau. 

A l’aide de cette conception, qui opere avec des notions physiques, 
on peut expliquer la grande variate des phenomenes chimiques. 
Nous entendons par la Fapparition et le nombre des liaisons iono- 
genes lore du changement du nombre eoordinatif. Nous expliquons 
sans peine et d’une fagon simple egalement la liaison semipolaire telle 
que Fexigent certaines experiences faites sur Jes amines. 1 ) 

Toutefois, le principe des octets ne peut pas etre employe d’une 
maniere rigoureuse et cons^quente. En effet, telle combinaison nous 
oblige a admettre des sextets, telle autre ne se laisse pas mettre 
d ’accord avee la theorie a cause du nombre trop elev6 d’electrons 
entourant le noyau (carbonates, hexafluorure de silieium, ion &1iF 9 , etc.). 

I)e plus, la formulation ancienne manque de clarte: les formules se 
pcrdont dans une mer de points et ne deviennent claires qu’en rem- 
plagant les points par des traits c’est a dire en revenant a Fancienne 
figuration de Co u per. 

Dans ce qui va suivre nous pensons pouvoir fournir au chimiste 
un moyen plus maniable de representation des differents groupes de 
combinaisons. 

Voioi en quoi consistent nos nouvelles vues. Le squelette electro¬ 
nique de Fatome ou de Fion peut lier coordinativement ou ,,organi- 
quement’ 1 un nombre defini d’atonies ou de groupes. Ce nombre de¬ 
pend de la constitution du squelette et du nombre de ses electrons. 
La liaison se fait de maniere telle que le squelette ne soit pas detruit. 

Chaquc atome peut coder des electrons ou en reeevoir et les repartir 
dans son anneau electronique. Un tel atome eleetrique revele 
la liaison polaire et le nombre eoordinatif qui est d’aecord avec son 
nouvel arrangement electronique. 

En envisageant les elements neutres formant le premier rang du 
systeme periodique on rencontre les nombres coordinates suivants: 


Nombre d’electrons 

Li 

Be 

B 

a 

N 

O 

F 

Ne 

exterieurs 

1 

2 

3 

4 

5 

fi 

7 

8 

Nombre coordinate 

1 

2 

3 

4 

3 

2(4) 

1 

0 


Le deuxi&me rang est analogue en principe, mais dans quelques 
cas — dans les anneaux & six Electrons — apparait le nombre coordi¬ 
nate 6 typique pour les atomes a constitution plus compliqu^e. 
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Nombre d’electrons 

Na 

Mg 

Al 

Si 

p 

S 

Cl 

Ar 

ext^rieurs 

1 

2 

3 

4 

5 

6 

7 

8 

Nombre coordinatif 

1 

2 

3 

4 

3 

2 (4, «) 

1 

0 


Dans les rangs ulterieurs, le squelette a six 61ectrons ct six centres 
coordinatifs est le ph^nomene ordinaire. 


Le modele Bohr-Rutherford nous renseigne sur le nombre ma- 
ximum d’electrons qu’uii atome donn6 peut reccvoir ou c£der. Oonside- 
rons maintenant le changement que subit le nombre coordinatif des 
atonies lorsqu’ils sont charges d’electricite. 

Si le carbone re^oit un electron, il devient l’analogue eleetronique 
de l’azote; il presente done le nombre coordinatif de 1 ’azote et rattache 
organiqueinent trois groupes: une telle combinaison nous est donnee, 

— i 

par exemple, par (C e H b ) tl CNa. 

Par contre, si le carbone cede un electron, il devient 1’analogue du bore 

4 - 

et possede trois centres coordinatifs: (CJI b ) b CCL Le sodium et le eh lore, 
qui sont polairement lies au carbone, ont perdu leur centre coordi¬ 
natif par suite du changement de leur squelette. 

Le tableau suivant montre la variation des nombres coordinatifs 
des divers atonies suivant le nombre des charges electriques, e’est a 
dire des valences polaires: 


Nombre d’electrons exte- 


rieurs . 

.. 0 

1 

2 

3 

4 

5 

« 

7 

8 

Li nombre de charges . . 

.. +i 

0 

— 1 

_ 2 

— 3 

— 4 

— 5 

—f) 

— 7 

nombre coordinatif . 

. . 0 

1 

2 

3 

4 

3 

2 

1 

0 

somme . 

. . 1 

1 

3 

5 

7 

7 

7 

7 

7 

Be nombre de charges . 

.. +2 

+ i 

0 

— 1 

— 2 

— 3 

—4 

— 5 

— 6 

nombre coordinatif . 

. . 0 

i 

2 

3 

4 

3 

2 

1 

0 

somme . 

. . 2 

2 

2 

4 

“fl 

6 

<> 

6 

~6 

B nombre de charges . . 

. . -f- 3 

+ 2 

-f 1 

0 

— I 

_0 

** 

— 3 

— 4 

—5 

nombre coordinatif. 

. . .0 

l 

2 

3 

4 

3 

2 

1 

0 

somme . 

. . 3 

3 

3 

3 

5 

5 

5 

5 

5 

C nombre de charges . . 

.. +4 

+ 3 

+ 2 

+ 1 

1 

— 1 

— 2 


— 4 

nombre coordinatif . 

. . 0 

1 

2 

3 

4 

3 

2 

1 

0 

somme . 

. . 4 

4 

4 

4 

4 

4* 

4 

4 

'4 
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N nombre de charges .... 

+ r> 

H-4 

+ 3 

+ 2 

+ 1 

0 

~ 1 

— 2 

—3 

nombre coordinatif... 

0 

1 

2 

3 

4 

3 

2 

1 

0 

somme . 

5 

5 

5 

5 

5 

3 

3 

3 

3 

O (S) nombre de charges . 

+ 6 

+ 5 

+■ & 

f 3 

+ 2 

+ 1 

0 

- 1 

— 2 

nombre coordinatif .. . 

0 

1 

2 

3 

4 

3 

2 

1 

0 

somme . 

b 

6 

« 

6 

6 

4 

2 

2 

2 

F (Hal.) nombre de charges + 7 


+ 5 

+ 4 

-| 3 

h 2 

+i 

0 

-1 

nombre coordinatif . . . 

0 

i 

2 

3 

4 

3 

2 

1 

0 

somme . 

7 

n 

i 

7 

7 

7 

5 

3 

1 

1 

Atomes neutres ayant la 
mcme constitution electro- 










nique que les elements ci- 
dessus. 


Li 

Be 

H 

C 

N 

0 

F 

Ne 


L'azote est coordinativeuient tetravalent dans lesselsammoniacaux; 
ayant cede tin electron, il devient ranalogue 6lectronique du carbone. 
Son enveloppe electronique est identique a celle du carbone, qui 
engendre quatre centres coord inatifs. 1 /an a logic del’ azote ainmoniacal 
avec le carbone a evidcmment etc observee il y a longtenips. La 
voie experimentale qui a conduit a cette connaissance a surtout etc 
indiquce par l'analogie sterique des deux atonies. 

Mais, dans certaines conditions l’azote peut devenir aussi I’aim- 
logue du bore et presenter deux valences polaires positives: le mono- 
perchlorate de nitronium, le biperchlorate et le nitrosylperchlorate de 
nitronium constituent des combinaisons offrant un tel azote 2 ). 

i 

NO./JH 4 HCl() 4 =- \ON{OH) i \VlO i ---- [ON(()II 2 )\Ol(J i 

NO/)H f 2 Item, - \N(OH) 3 )(Cl() 4 )„ - 0,01] N(OU). i \CU) i 

\ 

ClOJtiO + HP \ON(OH)H\riOi 

Les autres anions forts peuvent, eux aussi, arriener l'azote dans 
cet etat. 

Faisons remarquer que le carbone est en tout tetravalent dans 
tous ses etats de charge. S’il est positivement monovalent, il est 
Tanalogue de l’azote et se montre aussi coordinativement trivalent. 
Notre systeme n’exclue evidcmment pas des combinaisons comme 

(CBM on (CR 2 )Na 2i 
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mais il parait que les atomes neutres ne sont pas enclins k c6der 
plusieurs Electrons. Cela depend naturellement aussi du groupe qui 
re^oit l’electron ou le cede: les halogenes en re^oivent avidement, les 
m^taux alcalins en cedent facilement. Le carbone devient, il est vrai, 
negatif vis-a-vis du sodium et positif vis-a-vis des halogenes, mais il 
reste neutre vis-a-vis de l’alcoyle. Les combinaisons de Thydrogene 
avec le silicium et avec le bore sont, malgrtS leur analogic formed e, 
constitutes autrement que celles du carbone; c’est ce que fait voir 
leur decomposition par l’eau, qui donne naissance a Thydrogtne 
molteulaire. 11 se peut que dans ces composes le bore et le silicium 
soient positifs, tandis que Thydrogene y est negatif. 

Voyons un peu le bore. On sait que les combinaisons du type 
BR :) FH sont des acides prononces; le bore est ici Tanalogue du 
carbone; il a attire un electron et coordonne quatrc groupes; en outre, 
il lie polairement un ion d’hydrogene. La fixation de Tackle fluor- 
hydrique aux bores trialcoyles est tout a fait analogue a 1’addition 
de 1’aeide fluorhydrique aux alcoylainines ou a Tammoniacjue; dans 
Tun et Tautre cas il se forme un squelette electronique de carbone a 
quatre centres coordinatifs. J1 n’y a de difference qu’en ce que Tatome 
central est n6gatif dans le premier cas alors qu'il est j)ositif dans 
le second, et que dans lc premier cas e’est Thydrogene et dans le 
second Tlialogene qui est ionogeniquement lie. 

On conc;oit pourquoi Thydrogene ionogeniquement lie apparait par- 
fois dans les combinaisons du carbone; il existe en effet des groupes 
relachant les atomes des methylenes voisins. De tels radicaux sont 
le carbon vie, le groupe nitro et le groupe nitrile, etc. Tous sont positifs 
et forcent. Tatome voisin de carbone a devenir negatif (polarite induite). 
Pour que le carbone cfede k cette contrainte, il doit avoir un substi- 
tuant qui lui offre un electron; ce substituant est Thydrogene qui 
passe a Tetat ionogene. Le carbone devient negatif et coordinative- 
ment trivalent. L’hydrogene lie ainsi ionogeniquement apparait aussi 
sur Tazote, si ce dernier est convenablement substitue; les nitrodi- 
phenylamines sont des acides, Tazote est negatif et coordinativement 
bivalent, Thydrogene est positif et polairement lie k Tazote. 

L’oxygene ressemble k Tazote dans la formation des combinaisons 
,, onium k< avec cette difference cependant qu’il a une tendance moins 
marquee de former des composes stables; il attire plus avidement 
Ttlectron perdu que ne le fait Thydrogene. Par suite, Tion hydro- 
xonium se dtdouble plus facilement que Tion ammonium. Les corps 
a hydrogene ionogeniquement lie forment avec Teau des acides et 
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avec l’ammoniaque seulement des sels plus ou moins hydrolysis. Si 
Poxygine neutre attire un Electron, il devient coordinativement mo¬ 
novalent; exemple: formation de Phydrogine ionoginiquement lie 
k l’hydroxyle des acides oxygines. 

Signalons encore quelques combinaisons etudiios en ces dcrnieres 
anneesr le triphinylbore sode 3 ) et le perchlorate de tripheriylamine, 4 ) 
Les deux combinaisons sont sensibles et se comportent com me des 
radicaux libres. Si on les ecrit selon nos vues et qu’on les compare avec 
le triphinylmethyle, on obtient les formules suivantes: 

(C,H,) z BNa (C,H,) Z C (CJI^NCIO, 

I I I 

I I I 

I I I 

Chez toutes ces combinaisons Patomc central est coordinativement 
non saturi, done tetravalent, mais seulement trois de ces centres sont 
satures. Pour obtenir les combinaisons du bore et de Pazote il nous 
faut un atome qui cede volontiers son electron ou qui le receive 
tris facilement: le sodium et leperoxyde do chlore. Tci appartiennent 
aussi les combinaisons trouvees par Hantzsch: (Alc) 3 NBr 2 . Get 
auteur a etabli qu’un atome de brome y est lie ionogeniquement, 

done \(Alc) 3 NBr]Br. 


Liaisons mixtes. 

La liaison semipolaire prend naissance lorsque deux atomes polaire- 
ment opposes se lient encore coordinativement. On observe une telle 
liaison dans les borammines etudiees par E. Krause. 5 ) 

L’ammonium s’additionne en effet aux boralcoyles et aux boraryles 
en formant des combinaisons tres stables (Alc) 3 BNH a , respective- 
ment (Ar) s BNH s . L’auteur souligne l’allure energique de ia reaction 
et la stabilite des combinaisons qu’elle engendre. Nous les dcrirons 
comme suit: 

(CH Z )JB — NH Z et (CJh)B—NH, 

Ici le bore et Pazote sont des analogues du carbon© et par con¬ 
sequent coordinativement tetravalents. De plus, ils sont polaire- 
ment lies Pun k Pautre. Ces combinaisons nous semblent represen¬ 
ter des modules d’amines ou d’ammoniacates en general. Pour le cas 
oil des atomes plus compliques coordonnent six ammoniaques et 
lient, dans Penveloppe exterieure, encore quelques groupes polaires, 
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nous donnons 1’explication suivante: oes ions m^talliques re$oivent le 
nombre n^cessaire d’electrons de la part des ammoniaques pour 3difier 
le squelette electronique off rant le nombre necessaire de centres 
coordinatifs: 


(tyNHJJHi est 


H,N^ _ NH 9 
H S N — -Co- NH Z 

N nh 3 


Cl 

Cl 

Cl 


II ne faut pas nous etonner des lors que de telles combinaisons 
soient souvent instables. La cause en est que Fatorae metailique o&de 
les Electrons etrangers k la premiere occasion qui se presente. De ma* 
niere analogue on peufc interpreter la liaison de Feau de cristallisation. 

On rencontre les liaisons semipolaires tres souvent dans les acides. 
H antzsch a demontre que les acides existent principalement sous deux 
formes, sous la forme pseudo et la forme aci. La forme aci est carac- 
terisee par Fhydrogene ionogeniquehient lie, tandis que la constitution 


de la forme pseudo est purement organique: 


ft C OH 

| R.CO t ]H on 


0$(OH ) 2 

[iS0 3 |// 2 ou 

\H(K(OH)]H 

forme pseudo 

forme aci 


Conformement a nos vues nous ecrivons: 



A)H 
R . C—O 

4 


OH 

R . <7—0 


carbone coordinativement trivalent, 
liaison semipolaire entre C et 0 


O 


+ 


OH 

OH 


O 


-S' 

4 


M 

OH 


on O—l S’ 

- - 


/ 


OH soufre coordinativement 
trivalent, 

OH liaison semipolaire entre 
S et O 


On congoit que Fhydrogene soit mesohydrique, c est k dire qu’on ne 
peut pas le localiser sur un atome d’oxygene d&ini. 

C’est a Hantzsch qu’on doit 1’observation que la force d’un acide 
augmente avec le nombre des oxygenes existant dans la molecule. 
Nous pensons que l’on peut donner k cette regie des limites plus 
etroites en disant que la force d’un acide depend du nombre des 
atomes d'oxygenes semipolairement li6s. Comparons: 
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— -»- 


Cl-OH — 

Cl-OH 

chlore coordinativement monovalent 

— 4 . — -4 

— + 


0 — Cl—OH 

,/' 0 — Cl—OH 

chlore coordinativement bivalent 

<\ — H 

yci—on 

(\ , *• 

- .. yci—oH 
(V 

chlore coordinativement trivalent 

6 

0 


f < 

■* H 


O — Cl—OH 

- o—Cl-OH 

chlore coordinativement tetra valent 

-/ 4 1 

-/ 


0 

0 


forme 1 act 

foilin' pseudo 



Plus grand est le nombre d’oxy genes polairement lies, plus grande 
est la tendance de Foxy gene hydroxylique a devenir negatif en rece- 
vant un electron de Fhydrogene. Le groupe hydroxyle produit la 
forme aci. Kn effet, Facide perchlorique est le plus fort entre tous. 

Le phenomene est tout a fait analogue au relachement de Fhydrogene 
du groupe methylene sous Finfluence de groupes negatifs; plus grand 
est le nombre de tels groupes au carbone, plus grande devient la 
rnobilite de rhydrogene rest ant sur ce carbone. L’acide tetraborique, 
qui appartient aux acides faibles. nous prouve clairement que la force 
des acides ne depend pas du nombre absolu des atomes d’oxygene 
dans la molecule; parmi les cinq atomes d’oxygene (non comptes 
les hydroxyliques) deux a peine sont lies polairement. 

De maniere analogue on peut expliquer le comportement des acides 
derives du phosphore. H. Lindemannet L. Wiegrebe 6 ) out demontre 
la grande ressemblance entre I’oxyde de carbone et l’azote moleculaire. 
Ils ontconfirm^ ainsi la formule que Langmuir avait donnee, dans le 
sens de la theorie des octets, a 1’oxyde de carbone. Leurs experiences 
s’accordent avec nos vues, car nous ecrivons, nous aussi, l’oxyde de 

carbone G—O, avec deux atomes qui sont l un et l’autre des analogues 
<$lectroniques de Fazote. 

-f -- 

Quant k l’acide cyanhydrique, nous lui donnons la formule HC .~N , 
presque egale k H — C-e-N, forme organique de cette combinaison. 

- 4 * 

La formule C~NH exige un carbone neutre, coordinativement bi¬ 
valent, et nous parait invraisemblable a cause de cola. Les experiences 
oonfirment cette manure de voir. 7 ) 
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,0 


L’ion azotite est 0 — N-- 0 , et le] groupe nitro — N< x q, Nous 


y voyons une analogic avec le carboxvle — C—0 et avec le groupe 
sulfo 011 

-f H—“ 

— s—o 


l\, 

HO 


O 


I^es trois groupes constituent ties substituants positifs dans le sens de 

+ - 

Vorlander. T1 en est de memo pour les groupes nitrile — O =N et 
aldehyde: 

—V O. 

i 

H 

En ce qui eoncerne les phenomenes de tautomeric, nous les figurons 
de la fa 9 on suivante : 

H n C — CO — ( 7 / 2 —GO {0(\H b ) H 3 C 41—C- C-V(\H h . 

OH 11 0 

+ 

Vu que dans les exemples donnes l’hydrogene hydroxylique peut 
etre considere comme feant mesohydrique, laformule devient identique 
ala formule synionique de Pre vost. 8 ) Merne si l’liydrogene hydroxylique 
de la forme enolique est remplace par le mfehyle, il ne reste pas moins 
conjugue k trois carbones et un oxygene. (Test ce que nous prouve 
la reaetivite de la combinaison. Au changement du nombre eoordi- 
natif pendant la migration intramoleeulaire des charges se trouve li6e 
rapparition du radical singulier de S. F. Goldschmidt 9 ): 

(Cjijjr-N- (\il(N0 2 ) 3 . • 

i 


Voici comment nous formulons cette combinaison: 


c^n-n- 

cjtr 


-C 6 H 2 (N 0 2 ) s 
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Ce n’est done pas l’azote non sature qui est lid au noyau du benzene 
nitrd, mais l’azote porteur de deux phdnylee: il est positif et 
coordinativement tdtravalent, mais ne porte quo trois groupes. La for¬ 
mation de ce radical est due au caractere positif du noyau du benzene 
nitrd, qui induit la ndgativitd 4 l'azote; pour odder 4 cette contrainte, 
l’azote emprunte un dlectron 4 l’azote voisin, quo eelui-ci n’hdsite 
pas 4 lui odder, il est vrai, pour d’autres raisons. 

II serait intdressant d’essayer si l’on ne pourrait pas rdaliser la 
synthese du compose: 

— N — C -. * 

+ — -4 u 

ou des combinaisons du type: 

(Alc) 2 NH-N(CJJ & ). 


Notre figuration s’accorde aussi avec le fait que Phvdrazylc isome- 
Tique ne se forme pas a partir de 1’hydrazine 


(NO,U\H r 




L’azote lie au trinitrophdnyle ne saurait devenir positif. 

Le radical de Goldschmidt est, somme toute, analogue aux oxydes 

+ — 

de diplienylazote: (CJl b ) 2 N — 0, a l’azote coordinativement tetrava¬ 
lent et non sature. Comme ses combinaisons, il est monom&re. 

En ce qui concerne les (Styles de S c h 1 en k, nous les figurons ainsi: 


(C b H,) 2 ^C~0 { K ((\Ih) 2 C--OK 


Le potassium neutralise le carbone positif qui devient ainsi positi- 
vement tdtravalent et non sature. En les envisageant ainsi, ces 
radicaux satisfont h la loi des valences; comme l’azote dans le compose 
de Goldschmidt, le carbone dans les cetyles est entoure de groupes 
exigeant un grand nombre de valences. 

Nous pensons que Pidee de cette „capacity affinitaire“ devrait se 
borner aux valences coordinatives mais organiques. Des contradictions 
avec la theorie des postulats de valences surgissent uniquement par 
suite du fait que les effets de la valence coordinative et de la polaire se 
superposent par rapport a la polaritd du substituant. La force de chaque 
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centre coordinate est proportionnelle au nombre d’electrons existant 
dans Fenveloppe de Fatome et inversement proportionnelle au nombre 
des centres coordinates de Fatome. Ainsi, le bore possede trois centres et 
quatre electrons; le carbone, quatre centres et quatre Electrons, F azote, 
trois centres et cinq electrons, 1’oxygene, deux centres et six electrons 
et, enfin, le fluor, un centre et sept electrons: la capacity affinitaire 
de l'azote est plus grande que celle du carbone, celle de Foxygene 
plus grande que celle de l'azote et celle du fluor plus grande que 
celle de Foxygene. 

Ceci se refietc aussi dans le nombre des unites caloriques necessaires 
pour rompre la liaison organique entre ces elements: 


C ~ C 71 k cal/mol 

V NH t 70 1 „ 

( 1 OH 92 k „ „ 

C F 135 * „ „ 


(' arom. - C aliph. 
C arom. — NH 2 
C arom. — Oil 
(' arom. — F 


80 k cal/mol 
85 k „ „ 

109 k „ „ 

141 k „ „ 


Si le carbone apparait comme analogue au bore, sa capacite est faible: 
le groupe carboxyle se detache facilement. Dans le groupe nitro Fazote 
est analogue au carbone et de meme le soufre dans le groupe sulfo: 
les deux groupes son! plus etroitement lies au carbone que le carboxyle. 

Le ehangement de renvelopi)e electronique ne cause pas seulement 
la variation du nombre coordinatif mais aussi celle de la capacity 
affinitaire; cela veut dire que Fatome manifeste la capacite de son 
analogue electronique. L'azote positif montre la capacite du carbone, 
l’azote negatif celle de Foxygene, Foxygene positif a la capacite de 
l'azote, 1'oxygene negatif celle du fluor. 

Les divers centres coordinatifs sont ,,plastiques“: le substituant 
a grand,,postulate tache d’augmenterle ,,postulat“ du centre interesse. 
De cette maniere, certains groupes peuvent consommerune grande part 
de la masse totale de 1'atome auquel ils sont lies. L’enveloppe electro- 
nique devient asymEtrique et montre par consequent une tendance 
a subir un ehangement quand elle cede ou re<joit un electron. Nous 
l’observons dejit chcz les hydrocarbures aliphatiques natures a chaine 
arborescente: 

(CII 9 ) 9 C.Cl ou (CH^a-ClCH^Ol. 

Les carbones portant le signe (+ ) ont une tendance marquee a passer 
a l’etat positif en cedant un electron au chlore. 

On pent done se figurer que Fionisation de Fatome de carbone 
a deux causes: Finduction de la polarity par les groupes polaires et 
Fasyrnetrie de Fenveloppe Electronique. 
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La capacity affinitaire de l’hydrogene^parait etre pareille k la 
capacity du carbon© k symtrie parfaite (structure du diamant); 
oeci est ttnoigne par le grand nombre et la stability des hydrocarbures 
aaturfe. A. v. Weinberg fut le premier qui a signal© ce fait. Nous 
devons cependant remarquer que 1 ’energie des liaisons C — C et C - H 
est assez differente (en adoptant le nombre 150 k cal eomme chaleur 
de sublimation du carbone). 

T)iff6rentes formations de sels. 

Notre system© regie d'une maniere tres definie la formation des sels. 
Nous avons deja mentionno la formation des sels ammoniacaux 
a partir des amines et des acides. La formation, par salification, des 
combinaisons renfermant un azote negatif ou un oxygene negatif se 
laisse formuler com me suit: 

Itj'—NH + HCl - (R£—NH t )Cl 

RJ'-O { MCI - (nje OH) Cl 

La formation du chlorhydrate de pyridine: 

C\H,N + HCl - ((\H b NH)Cl 

Le groupe cetone peut fixer une seconde molecule de l’acide. 

♦ \ \ Cl 

{R 2 C~ ()H)Cl + HCl (R 2 C-~ () H t )~ 

L'addition d’une troisieme molecule d'acido est 6galement possible. 

11 rest© a savoir combien de ces combinaisons additionnelles dc 
c£tones et d’acides se laisseront expliquer de cette manure. 

En consultant les deductions ei-dessus on voit que notre system© 
distingue essentiellement entre les liaisons polaires et les non polaires. 
Nous n’ignorons toutefois pas que cette distinction n’est pas dans 
Tesprit des vues actuelles. D’autre part, nous arrivons a eviter, dans 
beaucoup de cas, Tadjonction des valences secondaires dont la nature 
et 1’application ne laissent pas d’etre peu claires. 


Laboratoire de Chimie orgunique 
de V University Roi Alexandre I €r 
a Ljubljana ( Yougoslmne). 
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0XYDAT10N I)E L’AMIDE XANTHOOfiNIQlIE 

(Contribution k l’explication de la reaction de eette amide avcc 
le chlorure cuivrique) 

par J. V. DUBSK? et J. TRTlLEK. 

JH. Debus (Ann. 1852, 82, 253 - 289) observa deja en 18.52 
(prune solution aleoolique de xanthogene-amide sc colore en rouge 
sang par addition (Curie solution neutre de chlorure cuivrique, apres 
quoi il y a decoloration du liquide et separation de soufrc. Du iiltrat, 
1’auteur a pu isoler d'abord de petits cristaux, doues d un eclat de 
dianiant, du produit d’addition du chlorure cuivreux a une mol. de 
xanthogene-amide (\H/).( 1 S.NTJ 2 (abreviatuin Xd) : Cuf 1 !. 1 -Yd (1). 
Los dcrriieres eaux meres separent dc longues aiguilles de composi¬ 
tion L\II 1 { f) 2 N 2 S (Tl) correspondant a la condensation de deux mole¬ 
cules de xanthogene-amide avec perte de 4 H et 1 S. 

Debus donne pour la reaction 1’explication suivante 

0 mol. de (\H-ONS -| 4 mol. de ('uCl 2 

4 mol. de ('uCl.(\FI 7 ONS ( 1 mol. de ('«H w 0 2 N 2 S 4 4 lid { S. 

Le meme compose (\H l0 () 2 N 2 S a etc obtenu par Debus en 
oxydant Tamide xanthog^nique par l’acide azoteux. II a reyu par 
Tauteur le nom de „oxvsulfocyanate d’oxyde d’ethyle“. Le point de 
fusion etait au-dessous de 100°. 

A. Rosenheimer et W. Stadler (Z. anorg. 1906, 49, 1) etudifrrent 
le compose d’addition CuCL 1 Xd (fusible a 127°, soluble dans l’alcool. 
Father, le benzene) de plus pres. Ils l’avaient prepare directement 
a partir des constituants, c>st-&-dire en partant du chlorure cuivreux, 
de sorte qu'ils n’observerent ni la coloration rouge ni la formation 
du compost II. 

Lemanuel Beilstein III. p. 138 signale le compose C^H^O^N^S (II), 
dont personne ne s’est plus occupe, sans expliquer sa constitution. 
A. Riidisiile (Nachweis, Bestimmimg und Trennvng der chemi- 
schen Elemente III. p, 22) mentionne la coloration rouge de I’amide 


4 
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xanthogeniq tie avec le ehlorure cuivrique oommc reaction des sets 
euivriques. (Vest pr6eisement ce qui a attire notre attention sur cette 
reaction. Disons tout de suite que nous avons reconnu non seulement 
la cause dc la dite coloration rouge, mais encore la constitution du 
compose C ft H )u (XN 2 S (ii). 

La su|)position faitc par Debus sur le mccanisme reaetionnel a pu 
etre vcrifiee. 

La condensation des deux molecules d’amide xanthogenique peut 
sVffectuer de la maniere suivantc: 

US- OC 2 H :> 

Nil 

X 0(^1, 

, |i 

<\lh <> N 1 s r 4 H 

S 

thio-M-/"-( l-3)-dtazoL (azosulfimo) 

ou : 

Nil Nil 

(\Hf-0-C C—O CM-, 

\ / 

SH SH 

N N 

I' II 

('My-O—C c (K'M, \ n -f 4 H 

S 

S 

lliio-/j’-^-(2-3)-ili}izol (tliiobiazohmq 

Eli tenant compte des recherches exjierimentales d’A. W. Hof¬ 
mann et de IX 8. Hector la reaction de l’amide xanthogenique 
a lieu avec formation d’une azosulfime (1-3-diazol). 

Le ehlorure cuivrique oxyde done la dite amide en un diazol, avec 
formation de ehlorure cuivreux d’aeide ehlorhydrique et separation 
de soufre. Le ehlorure cuivreux reagit avee l’exees d'amide xanthoge¬ 
nique ]iour donner un compose addition nel. 

II ne reste plus qua expliquer la singuliere coloration rouge. On 
pourrait penser qu'il s’agit la dun compose d addition du ehlorure 


Ml 

|» 
l i 

CJI , 0 -c 

\ 

-S’// 



cuivrique avec F amide xanthogenique, tres peu stable, se decomposant 
rapidement. Toutefois, un tel corps devrait posseder une eouleur plutot 
autre que rouge. L’explication la plus vraisemblable de cette colora¬ 
tion serait d’admettre la formation transitoire do composes respeetive- 
ment du type Cu(\.HC1 on CuCL(HCI)s. 

Oes corps sont rouge grenat, instables, et perdent aiscment lid 
pour donner le ohlorure cuivrique. An coursde la reaction il y a forma¬ 
tion de HCl, alors que le chlorure cuivrique disparait rapidement lors 
de I'oxydation de l’amide xanthogenique. Tout cola portc a croire que 
cette interpretation est la bonne. 

Kn faisant agir l’iode sur la thiobenzamide A. W. Hofmann (Bcr. 
I860, 2 , (>45) obtint Tazosulfime (p. de f. 90°), qu’il transforme j>ar 
reduction an moyeti de zinc et d'acide cblorhydrique en milieu alcoo- 
lique en benzyl-benzenylamidine 

(\H h (" Nil ('ff* <\H h 

v 

Nil 

Nil HS —(' N ( 1 (\H :> 

! I 1 , . ( 

(\Hr~C Nil : t\Hr-V N \HI\S 

\ 1 !’ 

SH S 

l). S. Hector (sur 1'instigation du professeur Cdeve), en oxyda.nl 
les thiourees par l eau oxygenee, obtient des thiazols qu’il formule 
toutefois comrne des tliiobiazolines; il les appelle, par exemple, di- 
anilido-oi -azothiols: 

Nil HN C—Nil CJI, 

|, i 

C t II s — NH—(' SH 

\ 

SH 

N A” 

|. I 

CJh—NH ~T C—NH — (\H :i 

' / 

\ / 

S 

L’oxydation de la phenylthiouree par 1‘acide azoteux, lc chlorure 
ferrique ou une solution alcoolique d’iode donne le mcme corps. mais 
avec des rendements inferieurs. 
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L introduction du cyanogene donne des aiguilles du compose: 

N N 

:| il 

(\Hg--N r C N-CJh 

• N / 1 

\ , 

V <' 

j ; 

NH NH 

L'acetylation, la benzoylation. la nitrosation lie fournissent quo 
des derives monosubstitues de ees ,,oi-aztliiols“. 

La di phenyl thiouree (\H b — NH — ( W —Nil (\H h donne avec l’eau 
oxygonee egalement un ,,oi-azthiol“ (Ber. 1890, 23, *117): 

(\H h -N X-(\H 5 

(\H,~N (' r N (\H :> 

s 

Chez les thiourees aromatiques la reaction s'aceomplit en 2 phases: 
1. formation de bisulfure, 2. formation ultorieure doi-azthiol: 

Nil Nil NH 

2 mol. Ji —iXH — ( — Hit K A 7 // - C- »S T — S — C — NH — R 

J 

N—N 

II li 

n NH—C C NH—R 

\/ 

8 

Kn operant sur des thiourees aliphatiques Hector ( Journ . /. prald. 
(■hem, 1891, [2] 44, 492) n'obtint que des bisnlfures. Lorsque la liqueur 
est neutre ou ale aline, il no se forme meme pas un bisulfure, mais la 
thiouree se transforme en uree ordinaire ou une formamidine substi¬ 
tute. 

Laliylthioiutfe reagit avec l mol. d’acide azoteux avec formation 
d un corps azoique (\H b NH . CS . N - N J'S . NHC\H b qui, sous 
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Taction de 2 mol. d’acide azoteux, se convertit en unc liuite d’odeur 
marquee, le tetrahydrothiazol 

i i 
as as 

Nil 

a la difference des composes aromatiques qui donnent des derives 
diazthioliques. 

La thiouree, traitee par Teau oxygenee en presence d'acide chlor- 
hydrique, rente inattaquee on bien elle se decompose. Tallylthiouree 
se transforme sous Taction de Teau oxygenee en presence d’aoide sul- 
furique en bisulfure d’allylformamidine: 

C\H h NH .C.N.S.C. MI . r,// 6 
A7/ Nil 

La methylthiouree reagit avee Tackle azoteux en formant Thuile: 

CHs—N A T -f7/, 

i I 

rs <w 


Ml 

* Plus turd, Hector (Bar. 1892, Ref. 25. 709) rectifie ses vues sur 
la constitution des oi-azthiols. Par reduction ou sous Taction de l'acide 
chlorhydrique concentre, il obticnt non pas la phenylhydrazine main 
la diphenylguanidine. Vn seul hydrogene du groupe imido se laisse 
remplacer par un groupe acyle, ee qui conduit a admettre que le di- 
anilido-oi-azthiol signale plus haut constitue un ,,miazthioT’: 


IIN C-MI HN — 

CJ1 5 NH (1- NH 

/ 

SH 


HN r N--(\-H- 

I I 

CJ1,-N c NH 

/ 

\ 

s 


Ajoutons que oette formulation n'est pas satisfaisante non plus, car 
A. W. Hofmann et >S. Gabriel (Ber. 1892, 25, 1578) etablirent la 
constitution des azosulfimes en transformant la phenyl -methybthiouree 
(p. de f. 107°) on azosulfime (p. de f. 95°) avec reduction respective: 
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rn. 


NH NH —(!— A'.. 

j, 'j '•'■'3 

A* -(' NH 

\ 

NII 


■JJ. 

7/ 


!j |j 0 /j 3 

A 7 — r jv 


JXautre part, K. Dort (/for. 1900, 3,9, 8(>3) demontre que les produits 
d’oxydation deer its par Hector ne renferrnent en dehors du cycle 
qu’un soul groupe imide, ce qui eorrespondrait h la constitution: 


a in 

I! 

f ~*S7/ A7/„ 

I I 

(\H h -NH (' N-~(\H :t 

Nil 


Nil 

ll 

(' A 7 // 

! ! 

< '«// 5 --N a N — (\H, 

. / 

8 


En etfet, par action d’acide ehlorhydrique concentre on peut, en 
remplayant un groupe NII par l’oxygene, lea transformer en corps 
<|ui ne donnent pas de sela. ni se laissent acyler: 


0 

C NII 

I I 

(\H, -N (l. N-C\H , 

\ 

S 

(p. de f. Ki2 u ). 

E. Fromm et R. Heyder (Her. 1909, 42, 3804) out pu, lors de I’oxy- 
dation de la thiouree par lcau oxvgenee, saisir le bisulfure 

nh, .c.s.s.c. Nil,, 

I! II 

NH NH 


chez les thiourees aromatiques le bisulfure forme parait se decomposer 
immediatement, par exemple en pheny 1thiouree et phenylcyanamide 
dont il se forme des miazthiols: 


2 mol. ( R 11 r —NH 


C\H . NH 


NH. C\H, 


IIN - C—NH 


IIN -C—8— 8 — C-- NH 


I 


(\H ,. NH 


NH . C.H 


HN- C— NH 


L 


#“8 


N 


+ S 



En redigeant la partie theorique de notre travail nous avons consta¬ 
te (d'apres le Chem. Centrhl . 1930, L 1925) que Bror Holm berg 
dans un travail difficilement accessible (Srensk. Ke?n. Tindskr. 4L 
249—57, nov. 1929, Stockholm), avaient etudie la formation des xan- 
thogenates en solution aqueusc et oxyde lain ide ethyl-xanthogenique 
par le pcrhydrol en solution dans 1’acetone. 11s obtenaient le 3.5-di- 
ethoxy-1.2.4-thiodiazol fusible cntre 48 et 49° (dont le point de 
fusion monte a 52- 53° par recristallisation). Le corps est done iden- 
tique a eelui deerit par Debus et dont nous avons elucide la consti¬ 
tution 


Partie experimental?. 

A m i d e x a n t h o g e n i q u e e t chi o r u r e c u i v r i q u e. 

A 1*010 r/r ( l /io<)de mol.) d'amide, dissous dans quelques cc dalcool, 
on ajoute goutte a goutte une solution neutre de chlorure euivrique 
dans Lean (0*85 (jr de <^i(\ . 2 fl 2 0, soit a /400 de mol.) a fin de so placer 
dans les conditions demandees par la reaction: 

4 Xd l ) t :>(V7 2 2|A'tf.fW| \ '2H(1 \ S + ('JI 10 O t N 2 N 

On obtient aussitot une coloration rouge sang qui disparait en tres 
peu <le temps. 

En memo temps, le liquide reactiormei, colore en vert bleu par 
I’exces de ('uCl 2 , so trouble par lc soufre mis en liberte. Ainsi que 
le montre le schema ci-dessus, la liqueur presente une reaction forte 
ment acide par suite de la formation d’aeide chlorhydriquc 

La coloration rouge sang transitoire se laisse demontrer beaueoup 
mieux si on se sort d une solution alcoolique de chlorure euivrique, 
car dans ee eas elle ne disparait pas si vite. 

On elimine le soufre par filtration, afin que la solution soit aussi lim- 
pide que possible. On voit s’eehapper des bulles de gaz et le liquide ne 
tarde pas k separer de petites aiguilles d un corps incolore, d’eclat 
bleuatre, qu on essore et seche. Elies fondent au-dessus de 100°. Elies 
sont fortement souillees par les eaux meres dont il est difficile de se 
deharrasser par lavage. 

La deuxieme fraction, obtenue de maniere identique, se compose 
egalement de fines aiguilles. Presque incolores au debut, les cristaux, 

M „Xd” design** I'amide C 2 H t O( y JV// a • L'allure ideale de la reaction 

oxigerait 6 mol. de Xd et 4 mol. do CnCl 2 pour que les 4 // dus k la formation 
flu diazol puissent s’oxvder. 



fusibles peu nettement entre 103 et 110°, acqui&rent avec 1© temps 
une belle couleur verte due probablement k Foxydation par Fair 
atmospherique. 

Odette alteration n'a pas permis d’analyser nos produits; il parait 
neanmoins qu’on erst en presence du corps eonnu Cud . Xd souilte 
partiellement des combinaisons possibles du chlornre cuivrique avec 
Farnide xanthogihiique, par exemple des produits d’addition du CuCJl 2 
avec 2 ou 3 molecules de cette amide. Le point de fusion peu 6lev£ 
(rabaisse a 103—110°), est d’accord avec cette supposition. 

Les solutions alcooliques du dit produit sont brunes. Cette coloration 
pourrait etre due a des traces de sulfure cuivrique colloidal qui a pu 
se former lors de la r&luction. 

Ce n’est qu’a partir des eaux meres qu’il a 6te possible d’isoler d? 
fines aiguilles incolores. On les a e33ore, lave par quelqucs centimetres 
cubes d’eau, puis dess^che sur une plaque poreuse. 

Le produit ainsi obtenu se laisse sublimer, il est aisSment soluble 
dans l’alcool, peu dans Feau froide, facilement dans Feau chaude. Les 
acides min&raux le d^composent avec facilite. 

Le produit destine a Fanalyse eb k la determination du point de 
fusion a £fce purifi6 par sublimation. II 6tait en belles, fines aiguilles 
blanches, fusibles d6ja vers 47°. Vu que ce corps est deja eonnu, nous 
nous sommes borne, pour Fidentifier. au point de fusion et au dosage 
d’azote. 

Dosage d azote: 

Substance: 0-00466 gr, N 0-657 cr (corr., 738 mm, 21°) N 15-90%. 

Poids moloculaire pour 2 N 2x 88-07. 

SU s'agit, ainsi que nous le supposons, du compose C\H w N 2 0 2 S 
CJif)-C—N 

■ I! |! 

n c. oc,u s 

\/ 

s 

la theorie exige pour l'azote 16 09%. 

L’essai precedent a ete repete en employant l’amide xanthogenique 
et le chlorure cuivrique l’uiie et l'antre en solution alcoolique. On 
a op£r4 sur des poids JV/100 : 1-7 gr de CuCl 2 . H 2 0 et 1-06 d’amide. 

Le liquide aoquiert d’abord une couleur rouge sang bien plus pro- 
nonc4e que dans le premier e3sai, puis la coloration disparait et 
la solution s6pare du soufre a mesure qu’on ajoute le chlorure cui- 



vrique. De brim dair, 1© liquid© devient plus fence et. enfin, bleu vert 
par Fexces d© chlorure. La coloration brune se laissc encore expliquer 
par des traces de sulfure cuivrique colloidal. 

L© liquid©, s6par6 du soufre par filtration a la temperature ordinaire, 
a 6t6 abandonn^ a la cristallisation lente. II s’est separe d’abord un 
produit renfermant du cuivre (comme dans lc cas precedent), puis 
le corps cherch^ C^H 10 N z O 2 S. 

Le point de fusion du produit purifie par sublimation a etc trouve, 
dans plusieurs essais, a 47°. 

Le resultat 6tait done le meme qu’auparavant. 

Les essais tentes pour saisir la coloration rouge qui apparait lors 
du melange de l’amide xanthogenique avec le chlorure cuivrique n’ont 
pas eu de sueees. De meme, il nous a etc impossible d’extraire le 
corps rouge par epuisement de la solution. 

Le produit final des reactions qu'on vient de d^crire, et pour lequel 
nous admettons la composition signalee, se forme par oxydation. Le 
sel cuivrique est reduit en cuivrcux, et 1’amide xanthogenique subit 
1’oxydation qui fournit le derive en question. Pour corroborer cette 
manu re de voir nous avons essay© de preparer le corps CJI U) 0 2 N 2 S 
par oxydation direct© de Famide xanthogenique. 

Oxydation de F amide xanthogenique par l’iode. 

Dans une solution de 1*05 gr ( l h 0Q dc mol.) d'amide dissoute dans le 
minimum d'alcool, on verse lentement une solution de 2*54 gr d’iode 
dans 25 rc d’alcool. Afroid, on n’observe aueune decoloration, mais si 
Ton chauffe au bain-marie, l’iode disj)arait rapidement et il v a sepa¬ 
ration de soufre. L’oxydation est prolong©© jusqu'a ce que quelques 
goiittes de solution d’iode ajoutees au liquide ne se deeolorent pas 
meme a l’ebullition. La consommation d’iode est de 25 rc. 

Le liquide jaune est maintenu au bain-marie pendant 1 heure en¬ 
viron pour donner au soufre le temps de sc deposer, puis il est filtre 
sur un filtre muni de papier filtre broye et, enfin, sur du papier filtre 
durci. On obtient une solution limpide, coloree en jaune par Fexces 
d’iode, de reaction fortement acide. 

Il serait avantageux de peser le soufre separ£, mais sa filtration 
present© certainos difficulties qui empechent sa pesee exacte. 

Au cours de la cristallisation lente on voit se separer de tres fines 
aiguilles incolores, luisantes, qu’on essore, lave par peu d’eau et des- 
s&che k Fair. 
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Le produit fond vers 47° et concorde dans tous ses caracteres avee 
celui obtenu des eaux meres apres la separation par filtration du sel 
CuCl. Xd (voir les essais precedents), lei encore, Identification n’a 
cte faite qu’en prenant le point de fusion et en dosant l’azote. 

Dosage d’azote: 

Substance: 0-00620 f/r, N 0-902 cc (743 mm, 22°) N 16-47%. 

Poids moieculairo pour 2 A T 170*1. 

Oalcule pour (C 2 H 5 OCN) 2 S (174) N 16-09%. 

Le chiffre d ’azote, plus fort, est du a ce que le corps sc decompose 
rapidement deja a des temperatures rclativement peu elevees. 

Une partie de la solution ayant servi a l’oxydation a cte evaporee 
au bain-marie jusqu’& la moitie du volume initial, puis abandonee 
a la cristallisation. Les premiers cristaux n’apparurent qu’a une con¬ 
centration assez considerable, re furent des aiguilles rouge brun, 
renfermant de l’iode. 

Vu qu’elles etaient fortement souillees d’eaux meres, clles se pre- 
taient peu a V analyse. 

Oxydation de l’amide xanthogenique par Feau oxygenee. 

a) En milieu acide. 

1-164 gr d’amide dissous dans Falcool sont additionnes de 2 re 
daeide chlorhydrique concentre, puis, au bain-marie, trois fois de 3 cc 
d'eau oxygenee a 3%, en intervalles de 5 minutes. 

11 y a separation de soufre qui s’agglomere par chauffage. On 
ecarte par filtration, et Ton abandonne le filtrate la criKStallisation 
lente. Au bout de quelques heures, apparaissent de fines aiguilles inco¬ 
lores qu'on essore et lave k Feau. Elies sont aisement solubles dans 
Falcool, peu dans Feau froide, facilement dans Feau ehaude. 

Le produit fond k 47° et tie difffere pas de celui obtenu au moyen 
d ’iode. 

Dosage d’azote: 

Substance: 0-00405 gr, N 0-589 cc (24°, 743 mm) N 16-57%. 

Poids mol6culaire pour 2 N 168-94. 

$videmment, on est encore en presence du corps 
C 2 H r p—C—'N (174) 

il II 

N C . OC 2 H & 

8 

dont la teneur en Azote th^orique est de 16-09%. 
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Le ehiffre d’azote, trop fort, se laisse, ici encore, expliquer par la 
facile decomposition du produit a des temperatures peu olevees. 

h) Oxydation sans emploi decide. 

L’oxydation decrite a lieu memo en I'absence d'acidc chlorhydrique. 
La solution ne reagit pas d’abord, mais apres un court chauffage elle 
se met a separer dii soufre; grace a l’acidite ain,si obtenuc, la reaction 
s’accomplit avec la meme rapidite que dans I'essai precedent. LI s’agit 
de la transformation que voici: 

2 ('Jh O -r . S n H h (CJI.--a--c-^ N) 2 S + S I 4 H. 

Ici encore, l’eau oxygenee a etc ajoutee par portions, le liquide a etc 
ehauffe au bain-marie, etc. Le produit mole ne differait nullemcnt des 
precedents. 

II se sublime a des temperatures peu elevees, apres quoi il fond 
a 19°, done a la meme temperature que pour les produits decrits plus 
haut. 

Dosage d'azote: 

Substance: 0*00621, N 0*902 cc (23°, 745 mm) N 16*40%. 

Poids moleculaire ])onr 2 N 170*70. 

Caleule pour «7 2 // 5 . O . C N),8 (174) .V 16*09%. 

Du point de vue de 1’analyse quantitative, le dosage du soufre de 
nos produits par oxydation au raoyen d’eau oxygenee (il est vrai en 
liqueur alcaline suivant le precede de .J. Petersen, Z. anal. 1903, 42. 
*407) nous a surtout intoresse. 

Une solution du corps (L f 2 // 5 .0-C jV) 2 $ dans 150 cr dean 

chaude a ete'oxydee, en presence de 10 cc de NaOH a 8%, par de l’eau 
oxygenee a 3%, qu’on ajoutait par portions. I^e tout a ete maintenu 
une demi-journee environ au bain-marie. 

Apres neutralisation par HCl en presence d’orange methyle, la liqueur 
a etc additionnfe de 1 cc d'acide chlorhydrique concentre, puis de 
ehlorure de baryum (manuel Treadwell p. 396). 

Substance: 0*1058 gr , BaSO^ 0*0800 gr, 8 10*45%. 

Poids moleculaire 305*7. 

Vu que le corps {(\H b — 0 — O^N) 2 8 renferme 18*93% de soufre, 
le dosage n'a rev61^ qu’un peu plus de la moitie du soufre theorique. 
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Cela est d'accord avec nos vues sur la constitution du compost en 
question: en effet, la dite oxydation ne s’accomplit quantitativement 
que chez les corps dont le soufre ne fait pas partie d’un cycle, tels que 
par exeraple les suivants: C8(NH i ) i , NH 2 . CS . NHC S H & (allylsul- 
furee), C 2 Zf 5 — 0 — 0 — S. SK (xanthogenate de potassium), etc. 

Mai 1932. 

Requ le 21 septembre 1932. Institut de Chimie analytique h la 

Faculte des Sciences de l University 
Masaryk h Brno (Tchdcoslovaquie). 



SUlt LA PREPARATION ET LA REDUCTION ELECTROLYTIQITE 
DE L’lMIDE JV-METHYLOLUTARIQUE 

par R. LUKES ot M. SMETACKOVA. 


Ainsi q«e l’a constate, le premier, Tafel, 1 ) la reduction electro- 
lytiquc des imides succiniques foumit des «-pyrroIidones. Plus tard, 
E. 8 path 2 ) montra que les imides de certains acides succiniques substi¬ 
tute peuvent etre reduites non seulement en pyrrolidones correspon- 
dantes, mais partiellement jusqu’en pyrrolidines, fait qui se laisse 
quelquefois mcme utiliser j>our la preparation de pyrrolidines diffi- 
cilement accessibles par d’autres precedes. 

Lc but du present travail etait d’appliquer cette reaction a la serie 
glutarique pour arriver a des derives piperidiquos. Au cours de ces 
recherches nous avons etabli que l'on pent reduire la iV-methvlimide 
glutarique 1 
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soit en iV-methyl-a-pipcridone 11, soit en JV-methylpiptridine, suivant 
la quantity de courant transmis par l’electrolyte. En outre, nous avons 
isolt ime base bouillant tres haut, de composition (C s H u N)n dans 
laquelle nous supposons, en tenant compte de son point d’tbulli- 
tion, n ~2, et que nous considtrons comme une A-methyl-piperidyl- 
A'-mtthyl-piptridtine de constitution non encore determinte. L’etude 
de cette base promet d’inttressants resultats, mais, malheureusement, 
le corps ne s’obtient qu’avec des rendements trts mtdiocres. 11 faudra 
pour oela faire les operations necessaires sur une grande tchelle. 



La matiere premier© pour la preparation de Facide glutariqu© etait 
constitute, d'une part, par la cyclopontanone qui fournit par oxyda- 
tion nitrique un melange dans lequel predominant les acides gluta¬ 
rique et succinique, d’autre part, par les eaux meres apres la cristallisa- 
tionde Facide adipique prepart par oxydation nitrique du cyclohexanol 
du commerce. Oes eaux meres renferment environ 50% d’acide gluta- 
rique a cotedes acides succiniqueet adipique. Pour Fisolement de Facide 
glutarique une strie de proced&s out ett proposes qui consistent soit 
a Fextrairo par le benzene, soit a etheritier le melange et fractioimer 
les ethers obtenus. Malheureusement. aucun de ces procedes n’est 
capable de fournir Facide glutarique de purete telle quo l’exigent nos 
recherches. Par contre, nous obtenions d'excellents resultats par se¬ 
paration a Fetat de sels de baryum, procede qui a ete publit depuis 3 ) 
et qui s’applique au cas ou le mtlange renferme a c6te de Facide 
glutarique de Facide succinique. En v apportant une legere modifica¬ 
tion le precede peut etre utilise meme en presence simultante des 
acides succinique et adipique. 

La methylimide glutarique a ete prepare© — de maniere analogue a 
celle de Facide succinique — par distillation du glutarate acide de 
methylammoniiim. (lomme produit aecessoire, on obtient la bis- 
mtthylamide glutarique. 


Partie experimental©. 

Preparation du glutarate de baryum. 

a) A partir de la cyclopentanone. 

La cetone cydique a ete oxydee de la maniere habituelle. 4 ) 2 kg de 
cetone ont donne 2860 gr d un melange d’acides dont la neutralisation 
a la baryte caustique a fourni 1 kg et demi environ de sels presque 
insolubles, renfermant surtout le succinate de baryum, et 5 kg de 
glutarate de baryum pur recristallise, de composition 

C 6 H 6 0 A Ba . 5 H z 0. 

b) A partir des eaux meres apres Facide adipique. 

4 kg de melange d’acides ont et 6 debarrasses d’acide azotique par 
un chauffage prolong^ a 130?. Apres separation de la majeure partie 
de Facide adipique, le residu a ete transforme en sels de baryum. Le 
succinate et Fadipate de baryum sont moins solubles It chaud qu’& 
froid, ce qui fait que les cristaux qui se deposent apr&s refroidissement 
du filtrat chaud sont femes par du glutarate de baryum pur. Le poids 



63 


de matiere premier© signal^ plus haut a ici encore donne 5 kg de 
glutarate de baryum pentahydrat^. 

L’acide glutarique, lib^re de son sel barytique par de lacide sulfu- 
rique, se separe en gros cristaux limpides rappelant ceux de l’acide 
eitrique. T1 fond a 98°. 

MEthylimide glutarique. 

1 mol. d’acide glutarique a et<$ dissoute dans son poids deau, puis 
neutralised partiellement au moyen d’un6 solution aqueuse d’ 1 mol. de 
methylamine. La solution deglutarate acide de methylammonium ainsi 
obtenue a 6te soumise a la distillation. Les fractions suivantes ont etc 
recueillies: portion aqueuse passant au-dessus de 105°, portion interme- 
diaire allant jusqu’a 200°, portion imide de 200 a 250°. La redistilla¬ 
tion de la portion intermediate donne de nouvelles quantites 
d’imide. Le residu dans le ballon est constitue par la bis-methyl- 
amide glutarique. 

Le point dEbullition de la m^thylimide est entre 240 et 241°. II 
arrive souvent que les distillats de methylamide glutarique presentent 
une belle couleur bleue. II suffit alors d'une seule distillation dans le 
vide pour les avoir incolores. Sous 12 mm de mereure, le point dEbulli- 
tion est a 125°, sous 17 mm, entre 130 et 133°. 

De la maniere d^crite, 500 gr d'acide glutarique ont donne 380 gr 
de methylamide glutarique fusible ix 33°. 

Analyse: 

Substance: 0*2955 gr , 0*2044 gr; C0 2 0*6110 gr , H/J 0*1894 gr; 

N 2 20*22 cc (17*3°, 751 mm). 

(\H 9 0 2 N (127*08): Oalcule C 56*7%, H 7*1%, N 11*0%. 

Trouve (7 56*4%, H 7*2%, N 11*2%. 

Bis-mtHhylamide glutarique. 

Le residu dans le ballon distillatoire a etc cristallise d'abord dans 
un melange de chloroforme et de benzene, puis dans 1’acetone. Oes 
operations ont donne un produit incolore, fusible a 127° (corr.) qui 
— d’apres sa teneur en azote — s’est revele etre de la bis-mcthyl- 
amide glutarique. 

Dosage d’azote: 

Substance: 7*423 m f gr\ N 2 1*176 cc (20°, 733*3 mm). 

C 1 H u 0 1 N z (158*13): Calculi N 17-7%. 

Trouve N 17*8%. 
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Note . Dans le manuel Beilstein (4* we Edition, tome IV, page 63) 
on voit figurer sous le nom de bis-m^thylamide glutarique, d’unc part, 
le produit obtenu par Meerburg ( R . 18 , 373), et fusible k 126°, 
(l’autre part, celui d’Henry (Bull. [2], 43 , 619) et fondant entre 
113 et 115°. Dans ee dernier cas on ne peut decider (pas m£me en 
consultant le memoire original) s’il s’agit d’un d6riv6 de l’aoide 
glutarique ou d'un derive pyrotartrique. Quant a notre produit, il cor¬ 
respond aux indications de Meerburg. 


Reduction electrolytique de la V-mcthylimide glutarique. 


Nous avons oper£ suivant le procede Tafel elabore pour la succin- 
imide. Une solution renfermant 250 gr de methylimide dans 750 cc 
d'acide sulfurique a 50% a<$te traitee par un courant d'environ 50 amp., 
avee une (lcnsite de 10 a 15 amp. pour 1 dm carrc. 

En tout, trois essais ont etc effectues. Dans le premier la consom- 
mation de courant a etc trois fois la quantitc theorique nccessaire pour 
la reduction 
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Dans le deuxieme essai, elle n’atteignait quo lc double, dans le dernier 
essai, l'exces de courant lie s’tlcvait qu’a 10%. Au debut, l’tlectro- 
lyse s’effectue sans dtgagement d’hydrogene, et ce n’est qu’apr&s la 
transmission de la quantity de courant correspondant a la reduction 
d’un groupe carbonyle qu’il commence a se faire sentir. La reduction 
term in te, le liquido reactionnel a etc alcalinise par de la baryte caus- 
tique, et les bases volatiles misos en liberte ont etc chassis par un 
courant de vapeur d’eau. Le distillat a (He neutralist par HCl et 
evapore a sec. Ce qui restait dans le ballon distillatoire, a ett privt de 
sulfate et de l’exces d’un Ba“, puis de barrasst de l’eau par distillation 
il travers une colonne de dtflegmation. Le residu a ett sounds k un 
fractionnement. 


Les rendements en produit et la consummation de courant sont 
rcunis dans le tableau que voici: 



65 


Mis en oeuvre 

Preparation methylimide oourant 


Obtenu 

piperidone pipyridino 


I 

II 

III 


250 gr 600 Amp. heures 

250 gr 430 „ 

330 gr 293 „ 


35 gr ] 20 gr 
87 gr 90 gr 

200 gr 17 gr 


Comm© piperidine figurent dans ce tableau les deux bases ensemble, 
oelle qui bout bas et celle a point d’ebullition eleve. 


A 7 -methylpipyridone. 

Le produit neutre extrait de toutes les preparations et distillant 
entre 221 et 225° sous la pression atmospherique, ou entre 112 et 115° 
sous 19 mm de mercure, a ete reconnu comme etant de la A T -methyl- 
a-pip^ridone. En effet, il donnait aussi la combinaison double caracte- 
ristique (point de fusion 118—120°) avec le chlorure mereurique. 5 ) 

L’action du bromure de tt-propylmagn&rium sur la N -m4thylpip^ri- 
done produit la 1-m6thyl-2-7?-propyl-3. 4. 5, 6-tetrahydropyridine dont 
les propri^tes et le passage aux bases eonieiques naturelles fora Fob jet 
d’une recherche ult^rieure. 


N- met hyJpiporidine. 

Les hydrochlorures des bases out ete dedoubles par de la lessive 
alcaline, le produit a etc' s6che par KOH solide, puis fractionne au 
moyen d’une colonne de Widmer, La majeure partie des bases a passe 
entre 106 et 107°, le residu de la distillation passait entre 255 et 
265° (corr.) k la pression atmospherique, entre 129 et 130° sous 10 mm 
de mercure. Afin d’identifier une fois de plus la base p. d’eb. 
106—107° avec la A-methylpi peri dine, une partie en a ete transformee 
en chloroplatinate. Recristallise dans Falcool dilue, le sel fondait 
k 207° (non corr.). 6 ) 

Analyse: 

Substance: 11-812 mgr, Pt 3-800 mgr. 

C^H^N^Pt (608-2): Calculi Pt 32-1%. 

Trouv4 Pt 32-2%. 


Base a point d’^bullition eleve. 

Elle est caract£ris£e par son instability qui rappelle k celle que 
Ton rencontre chez les bases hetyrocycliques ineompletes A % . A Fair, 
elle ne tarde pas k brunir et sypare des goudrons. Le point d’ybullition 
k la pression atmosphyrique est pen net. 


5 
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Analyse: 

Substance: (H119 gr ; 0*2284 gr; C() 2 0*3017 gr: H 2 0 0*1142 gr; 
N 2 29*0 rc (21°, 753 mm). 

C l2 H 22 N 2 (194*19): Calcule C 74*2%, H 11*4%, N 14*4%. 

Trouv^ C 73*5%, tf 11*4%, iV 14*4%. 

1-jC chloroplalinale de la base est assez soluble dans I'oau, insoluble 
dans 1’alcooi. Ti fond peu nettement entre 129 et 130°. 

Analyse: 

Substance: 10*839 mgr , Pi 3*491 mgr. 

(\ 2 H 24 N 2 CI h Ft (604*1): Calcule 32*3%. 

Trouve 32*2%. 

|je Moroaurate sc separe a Tetat d une huile qui devient bientot 
solide. On le purifie en precipitant sa solution aleoolique par l’eau. 
Point de fusion 100 -103°. 

Analyse: 

Substance: 10*349 mgt , Av 4*659 mgi. 

C n /{ 2i K 2 CI H Av 2 (874*3): Calcule 45*0%.' 

Trouv£ 45* l %. 

Instilut tie ('/limit orgnnique 
de VEcole Polytechniqve tch&que 
a Prague (TcMcoslovaquie ). 

Bi bliographie: 

*) TrtfH et St era: Her. 1900, 33, 2224. 

*) E. Spath: Monatsh. 1929, 30, 349. 

8 ) Boedtker: Chem. Zenfr. 1932, I, 3054. 

*) Wiftlieenus et JHentschel: Armalen 1K93, 27 J, 315. 

& ) Rath: Annalen 1931, 4S9. 113. 

°) Mei*ling: Armalen 1891, 264, 322. 



SOLUBILITY OF THE HYDRATES OF MANGANOUS SULPHATE 


by J. H. KftEPELKA and B. REJHA.*) 

The present paper covers that part of our investigation of the 
hydrates of manganous sulphate in which the solubility curve of this 
salt was determined and its course analyzed. 

The dissolution of manganous sulphate is a comparatively slow 
process, saturation being attained, especially with the lower hydrates, 
only after a considerable length of time. It was therefore accelerated 
by means of a special shaking apparatus, similar to that of K iister,**) 

The temperature of the bath was maintained constant within 01° C 
by a gas regulator. This is quite sufficient, because a more exact regu¬ 
lation of temperature does not lead to a better mutual accord between 
separate measurements, the error being about 0*1% and, with the 
monohydrate, still higher. 

The concentration of the saturated solution was estimated by eva¬ 
porating a weighed amount of it and dehydrating the residue up to 
the anhydrous salt which was weighed. 

Before weighing the solution it was necessary to free it from solid 
particles of manganous sulphate by filtration or by means of a centri¬ 
fuge, which was used regularly with all strongly turbid solutions 
(suspensions of fine crystals). In this manner clarification was attained 
in a very short time, about 30 mimites. Only the strongly turbid so¬ 
lutions of the monohydrate when their temperature was nearly that 
of the room, were, of course, treated longer, or left at rest for several 
hours in the bath and then quickly separated from the solid phase. 

Above 35° C the centrifuge cannot be used at all, because the con¬ 
centration of the solutions changes on oooling, the solution becoming 
more concentrated with the monohydrate and more dilute with the 
other hydrates. 

*) Presented before the Cc*sk& Akademie V$d a Um&ii (Czech Academy of 
Science and Arts) November 10th, 1932. 

**) A. Stahler: Handh. d. Arbeitsmeth . t. d> anorg.Chem. III. Bd., 1913, p. 508. 
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The warm solutions were put into a weighing vessel which was 
quickly closed. The weighed solution (0-5—3 grs) was evaporated in 
a drying oven at 90° C, the crucible being covered, because in an open 
one a crust soon appears on the surface preventing further evaporation. 
The solid residue was then Rlowly heated to 150° 0 and finally entirely 
dehydrated in a small electric furnace. 

Solubility of the pentahydrate, monohydrate and tetra- 

hydrate. 

It has been shown in an earlier paper 1 ) that a solution of manganous 
sulphate at ordinary laboratory temperature is usually in equilibrium 
with the solid pentahydrate. For this reason the solubility curve of this 
hydrate was first determined. 

The results of separate measurements were plotted as a graph with 
temperatures as abscissae and numbers of grams of MnSO^ dissolved 
in 100 grams of water as ordinates. The four independent values found 
for each temperature generally differed slightly from each other, but 
lay always within a narrow band the width of which corresponds to 
0*1 - 0*3 gr per 100 grs of water and through the middle of which 
a smooth curve can be drawn up to 35° (\ At this temperature the curve 
turns downward in a right angle. At 40° C the independent values 
were wholly discordant the appearance of the substance having chang¬ 
ed simultaneously. The small crystals became more tiny and lost 
their transparency. Analysis indicated a mixture of the penta- and 
the monohydrate. 

Above 40° V the points again lie on a curve rising, houever, less 
steeply than that corresponding to the pentahydrate. This new curve 
belonging evidently to the tetrahydrate has, however, a short course, 
its direction changing at 47*1° V and the points found becoming scat¬ 
tered to a broad band at 50-2° V. At the same time the crystals disin¬ 
tegrated into a fine, white-rose-coloured powder. Analysis shows that 
the tetrahydrate has changed to monohydrate. 

When the temperature was increased further, difficulties arose: the 
results obtained from different bottles revolving simultaneously in the 
bath differed by whole grams per 100 grs of water. Only when the 
time of dissolution was lengthened (up to 52 hours with periodical 
shaking), the originally wide band within which the results lay became 
narrow and changed eventually to a curve. The solubility curve of 
the monohydrate was followed up to 95° (\ 


l ) Collection 1933, 3, 517. 
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A saturated solution of the monohydrate was prepared by heating 
the solution with an excess of the solid salt for a longer time to a tem¬ 
perature considerably higher than that at which the saturation was 
required, or by dissolving the monohydrate in pure water (separation 
of the same amount from solution being considerably slower than its 
dissolution). 

In following up the solubility curve of the monohydrate below 50° C 
it was practicable to shorten the time of dissolution to a few hours. 
Below 30° C, however, this was necessary, because the monohydrate 
changed easily into the pentahydrate. The lowest temperature at which 
the. solubility found (67*4 grs per 100 grs of water) falls on the same 
smooth curve as at higher temperatures was 13*1° C. This temperature 
was maintained in a thermostat standing in free cold air. Further 
experiments at still lower temperatures gave too low results. The lowest 
temperature used was 4*0° (<. Its constancy could be maintained within 
0*1 -0-2° 0 by carefully adding snow to the bath. 

Further the solubility curve of the pentahydrate was traced below 
20° O. Up to 10° C this curve could be followed up very easily. At 
lower temperatures, however, only some of the corresponding results 
fell in the direction indicated by the determinations made at higher 
temperatures, the others being abnormally low. The last value falling 
on the smooth curve was 58*3 grs at 4*3° V. 

As is seen from the diagram (Fig. 1), the curve for the pentahydrate 
intersects that for the monohydrate in a point corresponding to 24* 1° C 
and 64*6 grs of MnHO x per 100 grs of water. This temperature is not 
the transition point of the pentahydrate into the monohydrate. The 
solubility of the pentahydrate was determined also at a temperature 
which was by 13° higher. Even at a still (by a few degrees) higher 
temperature the pentahydrate crystallized from the solution, whereas 
the monohydrate never separated from a solution saturated at 24° 0. 

The solubility curve of the tetrahydrate below 40° V was followed 
up to 16*4° C (63*7 grs). Below this temperature the results were too low. 

The diagram shows that the tetrahydrate and the monohydrate have 
the same solubility (64*9 grs) at 23° (\ The tetra- and the pentahydrate 
have the same solubility (65*5 grs) at 26*0° (•. 

However, the tetrahydrate does not turn into the monohydrate at 
23° C similaHy as the pentahydrate does not change into the mono¬ 
hydrate at 24° C. On the contrary, the temperature of 26° C is a real 
boundary between the field of existence of the penta- and that of the 
tetrahydrate; below 26° C generally the pentahydrate, above this tem- 
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perature generally the tetrahydrate crystallizes from the solution. The 
curve of the tetrahydrate is not the lowest one between any tempera¬ 
ture limits. In spite of this the tetrahydrate does not behave as a me¬ 
tastable phase, but is, on the contrary, the quite usual, commercial 
form of manganous sulphate, separating from the solution up to 45° C. 
In our former paper (1. c.) we attempted to explain this behaviour 
as a phenomenon of polymerisation. The monohydrate is thus a bimeric 
form, but because the bimerisation proceeds readily only above 45° C, 
preferably one of the other hydrates having simpler molecular consti¬ 
tution, i. e. either the penta- or the tetrahydrate, separates from the 
solution below this temperature. 

On the same basis perhaps also the difficulties might be explained, 
which arise in determining the solubility of the monohydrate (namely 
the slow attainment of saturation of the solution). With other hydrates 
we are concerned with determination of the concentration at which 
the particular solid phase is in equilibrium with the solution. With 
the monohydrate, however, more different equilibria must be consi¬ 
dered: 

1. polymerized solid substance and a solution of unpolymerized mo¬ 
lecules, 

2. polymerized solid substance and a solution of polymerized mo¬ 
lecules, 

3. unpolymerized solid substance and a solution of unpolymerizod 
molecules, 

4. unpolymerized solid substance and a solution of polymerized mo¬ 
lecules. 

The degree of polymerization depends perhaps on the conditions of 
the experiment, and because these conditions are not quite the same 
in individual estimations, the degree of polymerization can be diffe¬ 
rent in every instance, and the equilibrium is attained at a different 
concentration in each case. 

Solubility of the heptahydrate. 

In tracing the solubility curve of this hydrate the difficulties centred 
in maintaining the temperature constant for a long time below 0° C. 

In winter it sufficed to fill the thermostat with brine instead of 
water and to use an ordinary thermoregulator. In summer a freezing 
mixture was indispensable. Such an arrangement is described by 
Roloff. 2 ) In an ordinary freezing mixture of a salt with ice the tem- 

*) Z, physical Ckem . 1S95, 572. 
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perature never remains constant for a long time, such a mixture having 
not the properties of a eutectic. For this reason we must add to a rough, 
inhomogeneous mixture, which is, however, at a considerably lower 
temperature than is required, a concentrated solution of the salt. 
This solution then freezes out, until the eutectic point is reached. The 
remaining liquid then keeps this temperature constant until it is entire- 
ly frozen. According to Guthrie 3 ) we used for obtaining the temper¬ 
ature of — 8°( < barium chloride, and for — 10° C a mixture of this 
salt with potassium chloride. The outer vessel was filled with a mixture 
of crystallized calcium chloride and ice. 



During the work with the heptahydrate care was taken that the 
bottles were not warmed too much, in order that the crystals of the 
heptahydrate should not be changed on the surface into the penta- 
hydrate. Above 0° C the curve of the heptahydrate could be traced 
up to 10*3° C (00-7 grs per 100 grs of water.) At a higher temperature 
the values found fell always on the curve for the pentahydrate. Beknv 
0° C the curve follows its course down to — 11*4° Q. At this tempera¬ 
ture the solution freezes in its whole extent, the eutectic mixture 
having the composition: 47*7 grs of MnS0 A per 100 grs of water, or 
32-3% of the sulphate and 67*7% of water; this mixture is thus 
2* 14-molar, as was mentioned already in our earlier paper (1. c.). 

The solubility curve of the heptahydrate intersects the curve of the 
pentahydrate in a point corresponding to 8*6° C and 59-6 grs of MnSO A 
per 100 grs of water. The temperature of 8*6° C is thus the higher 


*) Beil WT. Wind. Ann. 1877, J, l. 
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limit of stability of the heptahydrate. Up to this temperature the 
heptahydr&te crystallizes from the solution, the pentahydr&te separ¬ 
ating at higher temperatures. Our first rough estimation of this tran¬ 
sition point of the heptahydrate into the pentahydrate, made by in¬ 
vestigating the solid phase crystallizing out at successively higher and 
higher temperatures, is in full accord with this more exact result. The 
agreement with CottrelPs value (9°C) is good. 

The appended diagram, Fig. 1, gives all the equilibrium curves 
obtained, including the freezing point curve of the solutions connect¬ 
ing the eutectic point heptahydrate-ice-solution with the freezing 
point of pure water. 

The course of all these curves corroborates the results already pub¬ 
lished in our previous paper (l.c.). The solubility of manganous sul¬ 
phate was investigated from the above-mentioned eutectic point up 
to the boiling point of the saturated solution. Only the existence 
of a hepta-, a penta-, a tetra- and a monohydrate could be ascertained. 
Other hydrates which are mentioned in literature, namely the hexa- 
hydrate, a second form of the tetrahydrate, the tri-, the di- and the 
hemihydrate do not appear on our diagram. 

The boiling point of the saturated solution of the mono- 

hydrate. 

As to this boiling point at atmospheric pressure Brandes 4 ) gives 
a value of 102*1° (\ Mulder a value of 102*9° C. 

Our solution saturated originally at about 70° 0 boiled first at 
101*7° C the pressure being 746 mms. The boiling point of pure water 
is 99*48° C at this pressure, so that the solution would boil at 102*2° V 
at a pressure of 760 mms. This solution began to grow r turbid in a few 
minutes, a crust separating on the bottom of the vessel. The boiling 
point fell gradually and after two hours the solution, which had cleared 
up, boiled constantly at a temperature of 100* 1 to 100*2° 0. To a pres¬ 
sure of 760 mms would correspond a boiling point of 100*6 to 100*7° 0. 
The result of another experiment was quite the same. It is apparent 
from this that both investigators mentioned above had prepared a sa¬ 
turated solution at a lower temj>erature, and determined the boiling 
point of this solution when it was still supersaturated at the higher 
temperature. The concentration of the saturated solution at its boiling 
point of 100*7° 0 is, according to the diagram, 35*2 grs per 100 grs 

4 ) Scheikund . Verhandel 3. dee], 3. stuk, p. 135, Rotterdam 1864. 
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of water (26*1% of MnJSO 4 ); at a temperature of 100*2° C the con¬ 
centration is 35*4 grs per 100 grs of water (26-2% of MnSO 4 ). 

Numerical values of the solubility. 

The values of solubility of manganous sulphate found in literature 
are often wholly incorrect. For practical laboratory use our curve may 
he found convenient. The more important data are summarized in the 
accompanying table. Where two or three concentrations are given, the 
first one corresponds to the hydrate which is most stable at the given 
temperature, whereas the last value belongs to the least stable hydrate. 



Number of grs of 

Number of 

grs of 

Number of motes of 

Temperature 

MnSO 4 per 100 grs 

MnSO 4 

per 100 grs 

MnSO x per 1 kg of 



of water 

of solution 

sol utic 

>r» 

11*4 


47*7( fi . *) 


32*3 



2*14 


10 

48-J( 6 ) 

45*70 

32*4 

31*3 


2*15 

2*08 


5 

50* 2( 6 ) 

30-30 

33 4 

23*3 


2 22 

1*54 


0 

52*90 


34*6 



2*29 



5 

56*40 

59*10 

30*1 

37*2 


2*39 

2*46 


10 

59*80 

01 O 68*40 

37*4 

37*8 

40*0 

2*48 

2*50 

2*69 

If) 

HMD 

63*60 67*10 

38*2 

38*8 

40*2 

2*52 

2*57 

2*66 

20 

62*80 

64*30 65*7(*) 

38*6 

39*2 

39*6 

2*55 

2*59 

2*63 

25 

05*10 

65*30 64-40 

39*5 

30*5 

39*3 

2*01 

2-01 

2*60 

30 

00*30 

67*80 62*90 

39*9 

40*4 

38*6 

2*04 

2*68 

2*56 

35 

67*8(») 

61*50 71 *40 

40*4 

38*1 

41*3 

2*08 

2*52 

2*73 

40 

09 O 

60 O 

40*8 

37*5 


2*71 

2*48 


45 

70*70 

58*50 

41*4 

36*9 


2*74 

2*44 


50 


56*90 


36*3 



2*40 


55 


55*20 


35*6 



2*36 


00 


53*50 


34*9 



2*31 


05 


51*60 


34*1 



2*26 


70 


49*70 


33*2 



2*20 


75 


47*60 


32*2 



2*13 


80 


46*50 


31*3 



2*07 


85 


43*30 


30*2 



2*00 


90 


40*90 


29*0 



1 *92 


95 


38*30 


27*7 



1 -83 


100 


35*50 


26*2 



1*74 


100*7 


35*20 


26*1 



1*74 



The solubility at other temperatures can be computed by graphical 
or numerical interpolation, for which we derived suitable formulae 
fitting the different parts of the solubility curve. 


®) In equilibrium with the hoptohydrato as the solid phase. - 6 ) In equilibrium 
with ice m the solid phase. - - 7 ) The pentahvrIrate. 8 ) The monohydrate. - 
•) The tetrahydrafce. 
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The concentrations, K, of the solutions in equilibrium with ice at 
a definite temperature, t, can be calculated from the empirical equation 

K - — 7-526 1 — 0-290 /* + 0-000664 **. 

which was derived by using experimental data for — 11*4, — 8, — 5 
and 0° C. The concentration for — 8° C which is not given in the table 
was 41*5 grs per 100 grs of water. The values thus calculated are in 
very good accord with those found at all temperatures between — 11*4 
and 0°C. 

This kind of interpolation has been found unsuitable for the solu¬ 
bility curve of the heptahydrate. This curve, however, can be con¬ 
veniently considered as a part of a circle the centre of which has the 
coordinates — 26-7° C and 06 grs and a radius equal to 50*7 (using 
appropriate units of length in drawing the diagram). In this way the 
solubility, K , of the heptahydrate is given by 

K -- 96 — \ 1857-6 53- 4 t — t\ 

The values calculated according to this formula, are very reliable. 

Similarly the solubility curve of the pentahydrate corresponds with 
a part of the circle 

(t 4 1*7) 2 +- (K — 118-2) 2 - 59*5 2 , or 

K =- 118-2 - F3538 — 3-4 t - t 2 . 

The interpolation formula for the solubility of the tetrahydrate in 
dependence on temperature is 

K 62-14 4- 0-0485 t 4- 0-00321 t 2 

the constants being calculated from the solubilities at 18° C (64 grs jnsr 
100 grs of water), 30° and 45° C (see the table for the corresponding 
values). 

Also the solubility of the monohydrate at different temperatures 
can be calculated from a similar equation, 

K - 71-232 — 0-28296 / 4- 0-000581 t 2 - 0.00001318 P, 

the constants being computed from the experimental values at 20°, 
40°, 66° (51*3 grs per 100 grs of water) and 95° 0. 

From the solubility curves of the hepta- and the pentahydrate the 
melting points of these hydrates may be predicted by making the 
rather bold assumption that both curves retain their circle form also 
in the metastable region and extrapolating up to the point of inter¬ 
section of the vertical tangent to the circle and its horizontal radius. 
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For the heptahydrate the melting point would then be t m - 50*7 — 
— 26*7 ~ 24° C, as was found experimentally by us (1. c.) and also 
by Brandes. For the pentahydrate the melting point would be 
t m — 59-5 ™ 1*7 -* 57-8° C, whereas our experimental value is 55° C 
and that of Tilden 54° C. 

It is to be noted, however, that these extrapolations are incorrect 
as to the concentration of the solutions in equilibrium with the melt¬ 
ing hydrates, because these solutions should have the same compo¬ 
sition as the hydrates themselves, namely 119-8 and 167-8 grs of Mn$0 A 
per 100 grs of water, whereas the concentrations indicated by the 
extrapolated melting points are 96 and 118-2 yrs of MnSO t per 100 grs 
of water. The rather good accord between the extrapolated and the 
experimental values of the metastable melting points is thus purely 
accidental. 

The tetrahydrate does not melt, as was ascertained also by earlier 
investigators, changing into powdery monohydrate on heating. Also 
the monohydrate does not melt, and because its appearance is similar 
to that of the anhydrous salt, its change into this form is not apparent 
during heating and can be established only by analysis. 

Summary. 

1. The solubility curves of the mono-, tetra-, penta- and hepta¬ 
hydrate of manganous sulphate were determined, only the existence 
of these hydrates being confirmed (see Collection 1931, 3, 517, Chem . 
Listy 1932, 26, 165, 189). 

2. The observed solubilities of manganous sulphate between 11*4 
and 100-7° 0 have been summarized in a table. 

3. Interpolation formulae for different branches of the solubility 
curve are given, facilitating the calculation of the solubility at any 
temperature between the limits investigated. 

4. The hepta- and the pentahydrate melt without decomposition 
at 24° and 55° 0 respectively, the extrapolated values of these meta- 
stable melting points being in good accord with the experimental ones. 

From the Institute of Inorganic 
and Forensic Chemistry of the Charles 
University, Prague. 



ON THE STRUCTURE OF TROOSTITE 


by A. GLAZUNOV.*) 

The structure of troostite was for a long time a problem to metallo¬ 
graphers. Even in 1901 Osmond 1 ) considered it to be an almost 
amorphous substance occurring in steel as microscopic black spots. 
First in 190H Le Ohatelier 2 ) put forward the opinion that troostite 
is probably a very fine pearlite the laminae of which are only a few 
micro-millimetres thick. 



Fig. 1. 


Benedicks 8 ) concludes, from the density and electric conductivity 
of troostite, that it must be an aggregate of ferrite and cementite in 
a state of such fine dispersion, that the individual phases cannot be 
distinguished from each other even under very high magnification. 
Thus he advanced the hypothesis that troostite is a colloidal solid 
solution of ferrite and cementite; indeed, our knowledge of the disin- 

*) Published in Czech in Homickfi Vistnik 1932. 
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tegration products of austenite was at that time so meagre that even 
in 1915 an investigator as famous in the field of metallography as 
Rosen ha in 4 ) could state that “ sorbite is as typically associated with 
pmrlite as is troostite with martensite”! 

First in 1917 Dejean, 5 ) and almost at the same time Chevenard, 6 ) 
Portevin, 7 ) and Portevin and (larvin 8 ) ascertained definitely, 
in their classical researches on the course of decomposition of auste¬ 
nite and on the separation of the point Ar x into the points Ar\ and Ar\ 
(according to the original paper of Dejean into the points A and B), 
that troostite is composed of the same phases as pearlite, because 
the change of austenite into troostite proceeds along the same curve 
(Ar\). 



Fig. 2. 


The course of the curve Ar\ shows, that the crystals of ferrite and 
cementite become the finer, the higher is the velocity of cooling, until 
finally “spots” of troostite are formed on which no individual compo¬ 
nents can thereafter be discerned. Thenceforward the phase change 
of austenite into martensite begins to proceed along the curve Ar'\, 
that is A — M . 

What, then, is troostite from the metallographic point of view? On 
the sections at lower magnifications (x 150—200) it appears as black 
spots, as is beautifully shown on the micro-photograph (Fig. 2). At 
higher magnifications (X 2000—3000) a troostite spot appears as a ro¬ 
sette composed according to Robertson, 8 ) of individual rays of 
a “fanlike” structure; however, as is apparent from the micro-pho- 
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tograph, the individual comjKments of the pearlitie substance cannot 
be distinguished. 

It is clearly evident from the micro-photographs that the trans¬ 
formation of austenite into troostite proceeds from individual, compo¬ 
site crystallization centres (see earlier paper), 10 ) but that owing to 
a high cooling velocity the growth of the crystals is stopped, so that 
the crystals grown from the individual crystallization centres cannot 
join together, and that the austenite remaining between them is 
transformed in accordance with the curve Ar'\ into martensite. It is 
clear, that in all the samples the micro-photographs of which are 
appended both transformations occurred (Ar\ as well as Ar'\). 



. Vig. 3. 

Prom the micro-photograph (Fig. 3) it is seen that the crystalliza¬ 
tion centres from which the crystals of troostite grow (centres of the 
troostite rosettes) are placed at the edges of what were formerly 
austenite grains, which is selfevident, following from the generally 
valid laws of crystallization, for it is always at the edges of the grains 
that heterogeneous admixtures accumulate, which, in the event of 
supercooling, become nuclei from which crystallization begins and 
proceeds. 

For comparison a micro-photograph (Fig. 4) is reproduced, show ing 
the process of transformation of the metastable modification of benzo- 
naphthol into the stable one (benzonaphthol n > benzonaphtholi). The 
photograph was taken during the process, which lasts a few days at 
room temperature. We may symbolize the transformation of austenite 
into troostite by A * T. 

Comparing both micro-photographs we see a striking similarity 
Itetween them, except that the individual rays in a troostite rosette 
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are so fine that they cannot be discerned under the microscope, where- 
as they are visible in the benzonaphthol. That the troostite spots 
are formed by an innumerable amount of very fine individual crystal 
needles grown from one crystallization centre is recognized also by 
Robertson 11 ) who studied this fanlike structure in detail and by 
Lucas 18 ) who states expressly, that a troostite rosette is composed 
of a great number of radial grains grown from the same crystalliza¬ 
tion centre. 



Tig. 4. 

The phenomenon, that crystallization proceeds in all directions from 
one single centre, is quite normal. It is interesting, however, that such 
crystallization centres arising in the transformation of austenite into 
pearlitic phases (ferrite and cementite) are observed only at the ma¬ 
ximal depth of supercooling at which the process A * P along the line 
Ar\) can proceed. During formation of the lamellar pearlite we observe, 
it is true, individual “grains” of pearlite, but each of them is composed 
of a series of parallel laminae of cementite and ferrite; it is, however, 
impossible to ascertain the original crystallization nucleus of such 
a grain. The questions of formation of pearlite and of its crystallo- 
graphic-metallographic properties were studied fully by N. Belajev 13 ) 
and will not thus be treated here. 

Rut why should troostite be distinguished from pearlite by another 
and more normal crystallization process ? 

During the last 6—7 years the structure of troostite was again 
investigated, magnifications several times higher being possible owing 
to the advance of microscopic technique. Thus the internal structure 


go 


of the troostitic grain could be seen in several instances. At a very 
high magnification, the same lamellae of cementite and ferrite were 
observed as in pearlite. Thus Mrs. A. Schraeder 14 ) established, by 
etching troostite with a 1% nitric acid solution in alcohol, and at 
a magnification x 3000, that a troostite “rosette” is composed of 
a whole series of grains, each of which showed the laminar structure, 
ail lamellae of one individual grain lying parallel to each other, i. e. 
that troostite has the same structure as pearlite, but more finely la¬ 
minar. The same result was arrived at also by Green. 15 ) 

In the present author’s opinion, however, the discoveries of Schrae¬ 
der and Green not only did not settle the question of the structure 
of troostite, but even complicated it unduly. Before these discoveries 
it was at least clear, how a troostitic grain grows. 



Fig. 5. 


The confusion was removed, however, by Lucas, 16 ) an author al¬ 
ready quoted, in a paper communicated to the International Congress 
of Engineers in Tokio. (Unfortunately the present author had at his 
disposal only a short abstract of this important paper on the structure 
of troostite.) Lucas states and supports his statement with a series 
of micro-photographs at a magnification x 3000, that the composition 
of a freshly formed “troostite rosette” is not resolvable even at the 
highest magnification, because the thickness of the individual rays 
growing from the crystallization centre is less than that observable 
with visible light. After a certain time, however, lamellae do appear 
in the troostitic rosette, such as were described by Schraeder and 
Green, i. e. a further, secondary recrystallization process sets in, 
or as may be said perhaps more properly, a segregation of the indivi- 
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dual phases of troostite into larger crystal units — a normal tendency 
of every system towards diminution of free energy and increase of 
entropy. Belajev 17 ) measured the visible interlamellar distance and 
found it to be 100 micro-millimeters. From this he calculated also 
the thickness of the lamellae to be about 250 A. units, or below the 
possibility of an exact observation in visible light. The micro-photo- 
graph Fig. 5 of this disintegrating troostite made in the laboratory 
of the present author is very similar to that from the quoted paper 
of Belajev. The laminar structure of troostite is clearly visible. 
However, this structure can be discerned only on certain grains in 
the remaining troostite rosette (about 50%), the other parts of the 
rosettes are either radiated or amorphous. 

Relying on the work of Lucas, Belajev thinks that the primary 
structure of troostite is lamellar like that of pearlite, and considers 
the original pearlitic rosettes of troostite to be a product of an unfi¬ 
nished process of transformation of austenite into troostite. Tn the 
opinion of the present author, however, the whole thing is more simple, 
and the work of Lucas explains the origin not only of troostite, but 
also of pearlite. In a paper on crystallites 18 ) the author put forward 
a hypothesis to explain the formation of homogeneous grains (idio~ 
morphic or allotriomorphie crystals) either by the crystallization centre 
— under special conditions of crystallization — consisting of one 
nucleus only, or more generally, by the homogenisation of individual 
crystals growing from one crystallization centre commencing and pro¬ 
ceeding even during the crystallization process. It is selfevident that 
this homogenisation will proceed the more easily, the higher the tem¬ 
perature (i. e. the lower the supercooling), and also the more simple 
the structure of the crystallization centre, i. e. the smaller the number 
of nuclei contained in it. 

The influence of a composite crystallization centre is evidently more 
pronounced, when the disintegrating phase is saturated, and even¬ 
tually supersaturated with two or more components at the same time, 
i, e. when the transformation proceeds during the formation of a eu¬ 
tectic mixture. In this instance there results in a composite crystalli¬ 
zation centre always a ‘‘struggle for existence/’ between the individual 
crystal nuclei, whereby the heterogeneous nuclei hinder the aggregation 
of particles of the same phase, so that even the best result of this 
secondary process cannot be, of course, a homogeneous grain. One 
cannot speak: here of a homogenisation, but only of a segregation, or 
of a grouping of individual phases, and that until the moment when 



an equilibrium is established between the tendency to form crystals 
with minimum surface within each phase and the friction between 
the heterogeneous phase particles. (Compare a paper by the present 
author and Matweiev, 19 ) The velocity with which this process goes 
on in the interior of the crystallization centre defines also the final 
degree of complexity of the crystallization, that is the number and 
fineness of the rays. 

Of course, this process proceeds not only within the interior of the 
crystallization centre, but later on also between the individual rays of 
the crystallite formed. 

Entirely the same is valid for the process of a phase transformation 
in the crystalline state, i. e. in our instance for the disintegration of 
austenite and formation of pearlitic phases. Prom allpearlitic structures 
arising from the decomposition of austenite, as already mentioned, 
the troostite has the greatest depth of supercooling, i. e. the least 
favourable conditions for the segregation process, and at the same 
time — because of the higher supercooling — also the complexity of 
the crystallization centre must be greater in troostite than in pearlite. 

As has been shown by Belajev, 20 ) in the instance of such a high 
supercooling as occurs in the formation of troostite, the eutectoid 
interval, that is the range of concentration at which the disintegrating 
austenite is saturated with both components, is very large (from 0*4 
to 1*2%), and within this interval the troostitic structure is usually 
observed at the necessary maximum of supercooling. This explanation 
of Belajev shows, in addition, why also with different carbon contents 
in troostite a complex crystallization centre is found, composed always 
of two phase species of crystal nuclei. 

As the time goes on, however, the tendency towards homogenisation 
is apparent also in the rays of the troostitic rosette, and the weak, 
invisible rays of cementite and ferrite give then, on homogenisation, 
a visible lamella of these phases. Accepting this explanation, we can 
explain also the phenomenon that pearlite has no visible crystalliz¬ 
ation centre, and that it appers always (in the disintegration of austen¬ 
ite) in the form of lamellae. The origin of this laminar form of pearlite 
is, as in troostite, a result of the secondary process of homogenisation, 
but because the temperature at which the crystallization of pearlite 
from austenite proceeds is higher than that of the crystallization of 
troostite, the process of homogenisation goes on much more quickly, 
so that the crystallization centre formed originally in the disintegrating 
austenite cannot even be observed. 
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It remains to explain on the basis of the above mentioned assump¬ 
tions on the crystallization of pearlitic phases, why they have the 
lamellar form. 

To answer this question is still impossible, but perhaps it may be 
said tentatively that a lamella is some kind of a compromising external 
form between the needle-like structure of eementite and the cubes 
of ferrite, being convenient for both the cubic system of ferrite and 
the rhombic 21 ) one of eementite. That no larger crystals could freely 
be formed from the original rays of these phases, which hindered 
each other in growth, has perhaps contributed also to the formation 
of a lamellar structure. 

The author is at present attempting in his laboratory to establish 
(or to disprove), experimentally, the conclusions presented in this 
paper. 

The Institute of Theoretical Metallurgy, 
High School of Mines , Pribram, Bohemia. 
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SYNTH12SE DES PHfiNOfiTHYLPYKAZOliONES 

par E. VOTOCEK et K. VALENTIN. 

fly a quelque temps, Tun de nous, en collaboration avec O. Le- 
minger, a decrit dans cette ,, Collection “*) la preparation d’une nou- 
yelle hydrazine araieoylee, la phenoethylhydrazine, par action de la 
diamide but le chlorure de phenoethyle. En vue de caracteriser 
cette nouvelle base, nous Tavions transform6e en plusieurs derives 
aisement cristallisables, tels que le derive oxalique. diJ>enzovie, la 
semicarbazide et la thiosemicarbazide oorrespondantes, etc. 

Depuis, retude des derives de la phenoethylhydrazine a ete pour- 
wuivie dans notre laboratoire, notamment pour von* si quelques-uns 
parmi eux ne pourraient trouver une application therapeutique. Ce 
qui nous a surtout interesse c’etait la question de savoir si notre base 
serait susceptible de donner des pyrazolones analogues a celles qui 
naissent de la condensation de Tether ac6tvloacetique (ou de ses homo- 
logues) avec la phenylhydrazine. C’est quc la phenoethylhydrazine 
nVst pas un simple homologue alcoyie de la phenylhydrazine, mais 
une sorte d ’homopbenyIhvdrazine grasse-aromatique dans laquelle le 
groupe phenyle est assez eloigne de Tazote hydrazmique entrant dans 
Ja condensation. 

De« le premier essai nous avons pu nous assurer que notre pheno¬ 
ethylhydrazine reagit tres facilement avec Tether acetyloacetique en 
formant le derive heterocyolique attendu, e’est-a-dire la 1-pheno- 
ethyl-3-methylpyrazolone (5) 

CH t - -CO -CHs 

CO j NH t - H t O (\H t OH -+ 

\ / 

\CH\H, H N — CH a . CH ,. O t H s 
OH a ~O.CH , 

I H 

f 00 N (I) 

_ JV—67/, . CH a . O t Ii 6 

*) CoU. 1932 , 4 , 271 . 
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Les homologues de l’4ther ac6tyloac6tiq ue (Others alcoylds) se con- 
densent, eux aussi, avec la phenoethylhydrazine, bien qu’avec moins 
de facility, c’est-k-dire moins 6nergiquement. C’est ainsi qu’avec l’6ther 
m^thylacetyloac^tique on obtient la 1-pheno^thyl-3.4-<iimethylp\ - 
razolone (5) 

CH 9 -CH—V—aH t 
I II 

co n (ri) 

A r — CII 2 . CH 2 . O e // 5 

La nouvelle pyrazolone fondamentale (I) peut etre transformed de 
maniere analogue a eelle utilise pour la pyrazolone ordinaire (1 -phe¬ 
nyl - 3 -m ethyl py raze) lone - 5). Jusqu’A present, nous avons prepare son 
d<div£ nitros^ (par action d’acide azoteux), puis, par sa reduction, 
le derive amino. Oe dernier, nous l’avons isol6 a l’etat do son compose 
benzalique aisement cristallisable, dont la decomposition par Facide 
chlorhydrique nous a donn£ rhydrochlorure de la base aminle. Oe sei, 
renfermant deux molecules d'acide chlorhydrique, perd facilement H(l. 
De l’hydrochlorure les alcalis mettent en liberty la pyrazolone aminee 
qui, toutofois, est tres instable subissant Foxydation avec une grande 
faoilite. 

DdjA lore de la preparation do Faminopyrazolone par reduction 
au moyen de zinc et d'acide antique, avec traitement ult^rieur par 
F aldehyde benzolque, nous avons pu constater que le produit de re¬ 
duction a unc tendance marquee a separer un produit (Foxydation 
de belle couleur rouge intense. L’analyse a montre que c’est un corps 
tout A. fait analogue A l\,acide rubazonique“ de Knorr, et que 
pour etre brefs, nous appellerons. provisoirement, acide homo- 
rubazonique. Sa formation se laisee figurer par le schema suivant: 

CH^ — C-~ C - NOH + H 2 0 
ii I 

N CO -- NH z OH \ 

\ / 

N .CH 2 .GU z .t\H 5 

1 -ph6no6thyl - 3 -methyl - 4-isonitroso - 

pyrazolone-5 

CH Z —C - CO 
II i 

+ A T CO 

\/ 

N--CH t . OH t . C t H b 

dione intermediate hypoth^tique 



CH a — 0—C 0 

11 1 
N CO 


+ H t N—CH—C.CH 3 

I II 

CO N 


\/ 

N . CH t . CH t . C t U t 


\/ 


N — CH % . CH % . CJIt 


=-- H t 0 + 


CH t — C—C =N — CH — C . CH a 

II I I H 

N CO CO N 

\/ \/ 

C t H s . CH t . CH t . N N — CH % . CH t . C t H i 

acide homorubazonique 


Des essais ulterieurs concemaient la methvlation de notr© pyrazo¬ 
lone. Un chauffage prolong^ pendant 20 heures, en tube soelie et 
& 110—118°, avec 1’iodure de methyle en presence d’alcool m6thylique, 
nous a foumi le derive methyle 

CH—C.CH a 

co 1 r.cH a 

\/ 

N—CH a .CH t .(\H s 


Partie experimental©. 

l-Phonoethyl-3-m6thyl-pyrazolone-5. 

A 1 partie d ’ether acetyloac6tique fraichement distilie on ajoute, 
en refroidisaant et par petiies portions, en tout 1 partie de ph6no- 
ethvLhydrazine, puis on abandonne le melange] jusqu'au lendemain. 
La reaction produit une elevation de temperature, et sur les parois 
du vase apparaissent des gouttes d’un melange d’eau et d’alcool 
ethylique due it la condensation. (11 est recommandable de les ^carter, 
par exemple par du papier filtre, ear cette operation augment© le 
rendement.) Le produit brut obtenu apr&s refroidissement est lav£ 
4 Father, puis recristallise dans l’eau bouillantc (eventuellement dans 
l’aloool). De ses solutions aqueuses le corps se separe en tablettes 
macroscopiques incolores, tres luisantes; la cristallisation dans l’aloool 
dilu4 donne des cristaux plutot longs, moins luisants. Le point de 
fusion, constant, est entre 139 et 141-5°. Le rendement en produit pur 
est ordinairement le poidB de l’hydrazine mise en ceuvre. Dans l’eau 
froide le corps est tr&s peu soluble, et meme k la temperature d’6bulli- 
tion il faut beaucoup d’eau pour le dissoudre. Dans les alcools il ae 
dissout ais&nent d4j& k froid. La dessiccation du corps dans le vide 
ii 100° montre qu’il ne renferme pas d’eau de cristallisation. 
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Analyse ^tementaire: 

Substance: 0-2644 gr, C0 2 0-6888 gr, Hj.) 0-1646 gr. 

C lt H u ON s : Calcule C 71-24%, H 6-99%. 

Trouve C 71-05%. H 6-97%. 

Microdosage d’azote: 

Substance: 8-290 mgr, N t 1-005 cc (22°, 746 mm). 

C lt H u ON 2 : Calculi N 13-86%. 

Trouve N 13-77%. 

Calcule pour la phenoethylhvdrazone 

CH 3 .C.CH i .CO.(K\H i 

H V 67-69°;,, H 8-13%, N 11-29%. 

N.NH.CH s .CH 3 .C 6 H, 

('aletile pour la iihenoethyl-niethyl-pyrazolone C l2 H u ()N 2 : 

C 71*24%, H 6*99%, N 13*8(1%. 

Trouve C 71*05%, H 0*97%, N 13*77%. 

I)es ehiffres ci-dessus il resulte que le prod nit de condensation 
n’est pas simplement line phenoethylhydrazone du corps cetonique 
initial, mais bien un derive renfermant C 2 H 5 OH en moins, e’est-^-dire 
une phEnoethyl-mEthyl-pyrazolone. Le corps est soluble dans les 
alcalis, les acides minEraux, l’acide acEtique, etc. 

►Si Ton ajoute du chlorure ferrique k une solution aqueuse chaude 
de notre pyrazolone, on pout obtenir, en prenant certaines precautions, 
un colorant passant dans le chloroforme avec une teinte rouge grenat 
ou violet a mo thy s te. 

En milieu alcalin (non dans I’acide acEtique anhydre) la pyrazolone 
se laisse copuler avec le chlorure de diazobenzene en separant un 
precipitE jaune de colorant azoique. 

1 -PhEnoEthyl-3- methyl -4-isonitroso-pyrazolone -5. 

A 1 partie de pyrazolone on ajoute un peu d’eau et 1 equivalent 
d’abide chlorhydrique, puis, en refroidissant par de la glace, 1 Equi¬ 
valent d’azotite de sodium. La reaction est immediate et separe des 
cristaux jaunes de derive isonitroso. On le recristallise dans l’eau; 
ou l’acide acEtique anhydre; les autres solvants (alcool, ether, ace¬ 
tone, chloroforme, chloroforme-ligroine, benzene) ne se pretent pas 
k sa eristallisation. 

Point d© fusion constant (aprEs 2 cristallisations dans C^H^Oz 
anhydre); 120°. 



Analyse ElEmentaire du produit recristallise dans Feau: 

Substance: 0*2348 gr, C0 2 0*5359 grr, H t () 0*1228 gr. 

Calcule C 62*31% H 5*68%. 

TrouvE <7 02*27% // 5*83%. 

Dosage d’azote (m6me produit): 

Substance: 0*2153 gr, N 2 35 cc (22°, 746 mm). 

C n H n N.fi 2 : Calcule X 18*17%, 

Trouve A T 17*98%. 

Derive benzalique de la 1 -phcnoEthyl-3-methyl-4-amino* 

pyrazolone-5. 

10 gr de pyrazolone isonitrosEe wont dissous, k ehaud. dans le 
minimum d’aloool ethylique, puis refroidis et additionnes, par portions, 
de 90 gr environ d'aoide acetique a 30%. (II no faut pas ajouter ee 
dernier en exces, paree qu'il y aurait precipitation du nitroso.) 

En faiaant passer du gaz carbonique dans le liquide (pour empeoher 
l’oxydation) et en refroidissant par de la glace, on ajoute ensuite, par 
portions, de la poudre de zinc. Jaune au dEbut, le liquide acquiert 
une teinte grise bleuatre pour devenir tout a fait incolore lorsque la 
reduction est terminee. Le zinc est EcartE par filtration sur toile dans 
un courant de gaz carbonique, le filtrat est precipite par la quantity 
calculee d’aldehyde benzoique traichement distillee. A pres un sejour 
de 2 heures dans un melange, refrigerant le liquide reactionnel separe 
le derive benzalique sous forme de petits cristaux jaun&tres, Le 
lendemain, le produit est essore et lave a l’ether. Ainsi purifiE, 
il fond entre 166 et 168°. - Le liquide de lavage ethere avait une 

couleur rouge intense et donnait par Evaporation lente a Fair une 
quantite considerable de cristaux rouges. Le mEme produit rouge se 
sEparait des eaux meres initiales apres Tessorage du dErivc benzalique. 

Analyse: 

Substance: 0*2119 gr , C0 2 0*5780 gr, H 2 () 0*13 88 gr. 

(%H n N,0: CalculE C 74*71%, H 6*27%. 

Trouve C 14 41%, II 6*27%. 

Substance: 8*240 mgr , N 2 0*980 cc (31°, 750 mm). 

(\»H 19 N/): OalculE A 7 13*76%. 

TrouvE N 13*63%. 

Le dosage du groupe benzvlidEne a etc effoctuE en distiliant le corps 
avec de Facide sulfurique diluE dans un courant de 00 2 . La benzaldE- 
hyde mise en libertE a Etc captee sous C0 2 , dans une solution aqueuse 



d’ac&tate de ph&nylhy drazine. L’hydrazone a et6 lavee k l’eau, puis 
dess^ch^e. 

Substance: 451 mgr, benzal-phenylhvdrazone 234 mgr. 

Ualcule pour C 1B H X9 N/) 289 mgr. 

Bis-hydrochlorure de 1 -phenoethv 1- 3-methyl -4 -ami no - 

pyrazolone-5. 

Le derive benzalique qu’on vient de decrire a ete decompose, dans 
un entonnoir a s^parer, par de Tacide ohlorhvdrique a 8% environ. 
I’aldehyde benzoique liberie a etc extraite par agitation avec du 
benzene. Le liquide aqueux acide a ete abandonne, on endroit chaud, 
a T^vaporation lente. II finit par se prendre en une masse eristalline. 
I^e produit a lave au benzfene sur une assiette poreuse. 

A la difference de la pyrazolone primitive le bis-hydrochlorure est 
tr&s soluble dans Lean. 

Analyse: Une solution aqueuse du sel, acidulee par H NO a etc 
preoipitee directement par AgN0 3 . 

Substance: 0*2501 gr, Ag( 7 0*2402 gr. 

C u H u N 9 0-2HCl: Calcule Cl 24*40%. 

Trouv<5 Cl 23-76%. 

Calcule pour rhydrochlorure simple Cl 13*98%. 

Calculi pour le bis-hydrochlorure Cl 24*40%. 

Trouvtf Cl 23*76%. 

L’analyse montre qu’on est en presence d’un bis-hydrochlorure qui 
a perdu un petit peu de son HCl par dissociation. ('ettc facile disso¬ 
ciation k la temperature ordinaire se laisse d'aillcurs observer, deja 
par Todorat, pendant les operations visant a la purification du sel. 

(Test pourquoi il eat/ indispensable d’analyser le produit aussitot 
apr5s la separation des eaux meres par essorage. 

Les tentatives d’isoler, en partant de rhydrochlorure, la base aminee 
libre, ne donnent pas le r^sultat voulu, En effet, si on ajoute Talcali. 
le liquide prend rapidement une couleur rouge intense, et le meme 
colorant rouge passe dans le benzene. (Test Tackle ,,homorubazonique u 
form4 par oxydation. 

11 en est de m&me ici que pour la phenyl-m^thyl-aminop^azolone 
de Knorr (Ann. 1887, 238 , 190) qui, ainsi que le signale cet auteur, 
est trfcs sensible vis-a-vis de Fair de sort© qu on a dfi renoncer a la 
preparation de la base amino libre. 



Aoide homorubazonique. 

Ijes eaux meres ao6tiques apres l’essorage du d4riv6 benzalique (voir 
ci-dessus) apparent lentement des cristaux d’un rouge magnifique. On 
peut ailment lea recristalliser dans l’alcool dilue, apr&s quoi ils fondent 
constamment entre 95 et 96°. 

Analyse: 

Substance: 0-1954 gr, OO a 0-4962 gr, H t O 0-1068 gr. 
ruHnNfi,: Calculi O 69-36%, H 6-07%. 

Trouv^ C 69-26%, H 6-11%. 

Substance: 9-000 mgr, iV 2 1-33 cr (21°, 749 mm). 

('uPmffflt- Caloul# N 16-86%. Trouv6 N 16-91%. 

l-Ph^no^thyl-2.3-dimdthyl-pyrazolone-5. 

I T n melange de 1 p. de pyrazolone initiale avec 1 p. d’iodure de 
mothyle et 1 p. d’alcool m^thylique est maintenu en vase clos, pendant 
20 heures, 4 une temperature allant de 110 a 118°. Lorsque le liquide 
reactionnel est dvapore. le residu se prend en une masse cristalline. 
lvc produit est essore, lave a 1 ’acetate d’dthyle, puis traite par de la 
potasse caustique tres concentree. On obtient des cristaux tree fa- 
cilement solubles dans l'eau. La solution aqueuse, ddbarrassee par 
evaporation de la majeure partie de son eau, se solidifie en cristaux 
hydrates d’un point de fusion peu eieve. Pour eiiminer l’eau, on peut 
distiller avec du benzene, apres quoi on recristallise le produit dans 
le toluene (ou le benzene), ll fond alors entre 102 et 103°. II est bien 
soluble dans l’eau, sa saveur est amere. 

Analyse: 

Substance: 0-2977 gr, C0 2 0 7870 gr, H t O 0 2002 gr. 

Substance: 0 - 1686 gr, N t 19 25 cr (20°, 740 mm). 

(\ a H lt N t O : Calcule C 72-17%, H 7-46%. N 12-96%. 

Trouvd C 72-10%, H 7-52%, N 12-93%. 

Le corps est tout 4 fait different de la l-phenoethyl-3.4-dim6thyl- 
pyrazolone-5 signal6e plus haut. Cette demiere, en effet, est peu 
soluble dans l’eau et fond 4 176°. 

La preparation des derives de notre pyrazolone fait l’objet d’une 
demande de brevet deposee au „Bureau tch£coslovaque de brevets" 
4 Prague. 

lnetitut de Chimie organique 

a I'ficole Polytechnique tchbque de Prague (Tchdcoelovaquie). 



NEW BOOKS. 


A. Hamslk: L6kafak& chemie. (J8ebnico pro inedikv a pHnrfka pro 
16ka$e. DO III. Oiganickd chemie. (Medical chemistry. A textbook for students 
of medicine and a manual for physicians. Part III. Organic chemistry.) Edited 
by the author, printed by Dr. E. Gr^gr and Son, Prague 1932. Pp. XI and 232. 
K6 55—. 

Prof. Hamsik has added lately to his very good textbooks one of organic 
chemistry. The book describes as concisely as possible, but clearly and compre¬ 
hensively the basic compounds and methods of organic chemistry, especially 
those with which medical science is concerned, and the thorough knowledge 
of which is a necessary condition for a successful study of advanced physiological 
chemistry and biochemistry. It cannot be emphasized enough, that for physi¬ 
cians a good knowledge of organic chemistry is indispensable today, if they 
are to understand the composition of organic drugs which the chemical industry 
manufactures in ever increasing number and diversity. 

The book treats first the important aliphatic and aromatic compounds and 
their derivatives, the functions of organic groups and the more familiar sub¬ 
stances of greater complexity, as far as they were not treated in other parts of 
the whole textbook (o. g. the bile acids are not mentioned, because they were 
treated in the Biochemical section, etc.). Fundamental properties and methods 
of preparation of all substances of practical importance are given besides their 
application, mode of storing them, etc. The author does not avoid mentioning 
even the most modern topics and refers for instance also to the new views of 
Haworth’s school concerning the cyclic structure of simple as well as of 
complex carbohydrates of high molecular weight. 

Where it is appropriate industrial methods are also described, their chemical 
principles being stated concisely and accurately. The main subjects treated m 
this connection are: products of distillation of naphtha, manufacture of alcohol 
and alcoholic beverages, products of fat, sugar, starch and the cellulose industry, 
explosives, artificial silk, products of distillation of coal tar, dyes, the leather 
industry, etc. 

In a supplement the substances employed in chemical warfare aro discussed, 
a subject at present of interest to a much wider circle of readers, methods of 
their preparation, their effects on the human body, their effective concentration 
and the means of making them harmless boing mentioned. It is to be noted, 
of course, that these substances are not new for the most part, but known to 
chemists of old; for this reason they might better be treated in the systematic 
part of organic chemistry, which is done only with few of them (o. g. Yperite). 
However, the survey given has the advantage of a short and illuminating review 
of these substances, their effects, and the defence against them. 



On the whole it may be said that the book contains very much material tin 
a small compass avoiding, however, details which would make its study difficult 
and giving only such fundamental knowledge necessary for a beginner to 
build on when advancing in the study of organic chemistry. 

As to analytical methods the student is referred to the author’s laboratory 
guide for medical students. 

The book can be well recommended also to students of science for revision 
of organic chemistry in preparing for the intermediate examination as a good 
substitute for expensive foreign books of this type. A vory valuable feature of 
the book is that the names of compounds are given not only in Czech, but 
also in Latin, English, French and German, which facilitates the later study 
of foreign literature and the composition of papers in world languages. 

A few vague statements, duo certainly to the endeavour to be as concise as 
possible, can be easily eradicated in a future edition, o. g. that on p. 20 on the 
distinction of primary, secondary and tertiary nitroparaffines, 

J. Frejka. 


Clslo 2. vySlo 6. bfezna 1933. 

Is numfoo 2 a para ]e 6 mars 1933. 



INFLUENCE OF COMPLEX FORMATION ON THE ATTAINMENT 
OF EQUILIBRIUM IN SOME OXIDATION-REDUCTION SYSTEMS 

by W. F. JAKCVB and M. R. RE^NAR .*) 

In .studying the oxidation-reduction equilibria in weakly acidified 
solutions containing sexi- and quinquevalent molybdenum we encoun¬ 
tered especially complicated, but at the same time also interesting 
phenomena. The working method wets based on potentiometric ti- 



Ourve I. Initial p H of the molybdate solution about 4, 3. Colour of the solution 
before the minimum of potential green, after the minimum the colour changes 
from bright brown into blue. 

Curve II. Initial p H about 8. Colour before the minimum red-brown, changing 
after the minimum to blue. 

*) Published in Polish in No. 20 of the “Chemicke Listy ” p. 461 (Vol. 26),'1932, 
Celebrating Prof. E. VotoSek’s sixtieth birthday. 
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tration of molybdate solutions of different initial acidity with solutions 
of Klason’s salt, (N H ^[MoOCl h ], neutralized as far as possible by 
ammonia. 

Fig. 1 gives the results of two such titrations. 

This complicated course of the curves may be a result of the in¬ 
fluence of several factors, e. g,: formation of compounds between ions 
of the oxidizing and reducing agent, buffer action of all components 
on the acidity, on which the values of potentials in systems of this 
kind depend to a large degree, and also on the changes on the electrode 
itself, arising for instance through formation of non-metallic coatings. 
In the present paper we are interested only in the effects of formation of 
complexes between the components of the oxidation-reduction system. 

We have had an inaccurate knowledge of the complexes containing 
sexi- and quinquevalent molybdenum for a very long time. Here are 
encountered the well known molybdenum blues. One compound of 
this kind, obtained accidentally by Rammelsberg, 3 ) was prepared 
by us in a state of the highest purity as dark rubv-coloured crystals 
of the salt: 

NHi\Mo'\0 . A/o vi G> 4 (0//) 7 J.4) 

We succeeded further in isolating also from partially reduced molyb¬ 
date solutions of acidities corresponding to the minimum of potentials 
of the curve 1 on Fig. 1, the salt: 

(MqV'OM . 5 Up*) 

The dark blue crystals of this salt give blue solutions the colour 
of which changes quickly, owing to hydrolysis, through green into 
bright brown. 

The complexes (indifferent molecules, complex cations or anions) 
containing atoms of the same dement in two different oxidation stages, 
we call oxidation-reduction complexes. 

The aim of the experiments described below w as to investigate the 
effect of such complexes on the attainment of oxidation-reduction 
equilibria in solutions containing quinque- and sexi valent molybdenum. 

1. The reagents. 

As reagents ammonium paramolybdate 

[H 2 (MoO) a ]H e . ( NH 4 ),«) 
and the oxidation-reduction complex 

NHJ[Mo* % 0 . Mo^O, . (OH ),| 


w r ere used. 
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The paramolybdate was obtained in a pure state by recrystallizing 
the commercial molybdate from a not too strongly ammoniacal so¬ 
lution. 

The salt: NH^[Mo 2 0(()H) 7 M o0 4 J has been prepared by a new, never 
failing method: to a solution containing 14 grs of commercial ammo¬ 
nium molybdate in 150 ccs of water acidified with 3 ccs of acetic acid 
(50%) a solution of 2 grs of hydrazine sulphate in 100 ccs of water 
was added and heated to boiling, until the evolution of nitrogen had 
ceased. After addition of 2 grs of ammonium chloride to the still hot 
solution, the precipitate formed was immediately filtered, and, after 
cooling to 40° C, two more grams of ammonium chloride added. After 
48 hours the crystals separated were freed from the slime bv repeated, 
microscopically controlled decantation with the filtered mother liquor. 
The entirely pure, beautifully formed, dark ruby-coloured crystals of 
the compound were w ashed in turn with 30%, 50%, 00% alcohol and 
finally with ether and dried in air. An analysis confirmed the compo¬ 
sition given above in agreement with earlier determinations. MoO$ 
found 85*92%, theor. 85*54%; 0*1 n. KMhO x spent 41*7 ccs for 1 gr 
of the salt, theor. 40*4 ccs. 

2. Method of measurement. 

The method used w as based on measurement of eqilibrium potentials 
in oxidation-reduction systems containing sexi- and quinquevalent 
molybdenum in weakly acidified solutions. The amount of sexi valent 
molybdenum was determined by pipetting a solution of known con¬ 
centration of ammonium paramolybdate. The quinquevalent molyb¬ 
denum was supplied in the form of the oxidation-reduction complex. 
Its amount was determined mostly by weighing. The concentration 
of hydrogen ions was regulated by means of acetate buffers. The 
buffer mixture was used in molar amounts outweighing several times 
the molar concentrations of the components containing molybdenum, 
attempting thus to keep the theoretical acidity of the buffers constant 
as far as possible. The acidity was further controlled by means of 
a foil colorimeter of Lautensclilager, permitting an approximate 
estimation of acidity with an accuracy of 0*2 p H . In calculations we 
used the theoretical acidities of the buffers. The measurements were 
made in a stream of carbon dioxide. Neither colorimetric nor poten- 
tiometric measurements have revealed any change of acidity caused 
eventually by carbon dioxide. It was ascertained also that buffer 
mixtures of the same acidity had no notable influence on values of 


7 * 
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the oxidation-reduction potentials. The measurements of the poten¬ 
tials were made by means of a compensation arrangement with a preci¬ 
sion rheostat and a sensitive capillary electrometer. The apparatus 
permitted the measurement of potential differences with an accuracy 
of hO-5 millivolt. The indifferent electrode was a smooth platinum 
plate with a surface of 2 sq. cm. Before the measurement the electrode 
was kept in chromic mixture for several hours, and then washed 
with water. Thus treated the electrode always gave reproducible 
results. The position of the electrode and its distance from the stirrer 
and the key was also kept always the same, as well as the speed 


voit 



Fig. 2. 

of revolution of the stirrer in different experiments. Constancy of 
potentials in more strongly acid solutions was attained after half an 
hour. In spite of this the measurement was made only after several 
hours. The constancy was less good in solutions having higher values 
of pn. 

3. Results of measurements. 

a) Influence of concentration of the molybdate and the complex at constant 
acidity of the solutions. 

In experiments of both series of measurements, the results of which 
are summarized in Tables I and II, the concentration of hydrogen 
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ions was constant. The numbers in the second column give changes 
in concentration of the sexivalent molybdenum from the molybdate 
in milligram-atoms of Mo Vi per litre, those of the third column the 
concentrations of the quinquevalent molybdenum in milligram-atoms 
of Mo Y in the complex. No regard was taken to the sexivalent molyb¬ 
denum bound in the complex in making these calculations, since, owing 
to the great stability of the complex, the sexivalent molybdenum con¬ 
tained in it does not greatly influence the equilibrium state. The sum 
of concentrations of Mo xl and Mo v in individual measurements is 
constant. 

b) Influence of acidity. 

The numbers in the second column of Table II i give the acidity (cal¬ 
culated from the composition of the buffer mixtures) in reciprocal 
logarithms of hydrogen ion concentrations (pn). 

4. Disscusion of results. 

The experimental results contained in Tables T and II are described 
in the diagram of Fig. 2. 

Table 1. 



Pa =■- 5-2, 

t - 20 ± 2° C. 


No. of 

measnivniont 

M o vl w/^fltomii 

M o' mg- atoms 

>h voUp 

l. 

1*999 

0*001 

0*302 

2. 

1*995 

0*005 

0*215 

3. 

1*980 

0*020 

0*172 

4. 

1*900 

0*100 

0101 

5. 

1*700 

0*300 

0*134 

0. 

1*500 

0*500 

0*127 

7. 

1*250 

0*750 

0*123 

8. 

1*000 

1*000 

0*110 

9. 

0*750 

1*250 

0*125 

10. 

0*500 

1*500 

0*134 

11. 

0*300 

1*700 

0*140 

12. 

0*100 

1*900 

0*108 

13. 

0*050 

1*950 

0*160 

14. 

0*010 

1*990 

0*163 

15. 

0*005 

1*995 

0*150 

10. 


2000 

0145 
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Table IT. 


Pll 

- 34, 

20 ± 2° C. 


N°. of Mo vl mq- atoms Mo v mgr-atoms 

measurement * 

hh volts 

1. 

1-999 

0*001 

0*471 

2. 

1*990 

0*010 

0*350 

3. 

1*950 

0*050 

0*290 

4. 

1*500 

0*500 

0*246 

5. 

1*000 

1*000 

0*238 

6. 

0*500 

1*500 

0*228 

7. 

0*300 

1*700 

0*228 

S. 

0*100 

1*900 

0*228 

9. 

0*050 

1*950 

0*201 

10. 

0*005 

1*995 

0*212 

11. 


2*000 

0*194 



Tabic 111. 


Concentration of AJo vl --- concentration of Mo y 1*000 mg-atom per 



/ - 20 + 2° (\ 


No. of 

measurement 


Pn 

v olts 

1. 


3*23 

0-268 

2. 


3*54 

0-264 

3. 


3*84 

0-236 

4. 


4*14 

0-207 

5. 


5*04 

0-134 

0. 


5*34 

0-117 

7. 


5*65 

0-084 


Observing the course of the curve 11 we see that it has approxim¬ 
ately a shape similar to a bi-logarithmic curve, characteristic for 
all oxidation-reduction systems obeying Nernst’s law. In the begin* 
ning this curve is scarcely steeper, but in the end-part, however, 
less steep than would correspond to a classical bi-logarithmic curve. 
It must be considered, however, that, in determining the ratio of 
concentrations of the oxidizing and reducing agent, we do not calculate 
with actual concentrations of the ions taking part in the reaction 
determining the potential, but with concentrations of the molybdate 
and equivalents of the complex. The scale taken for the axis of abscis- 



99 


sae does not thus correspond with the nature of the process itself. 
The shape of curve I differs, on the contrary, considerably from the 
type of a bi-logarithmic curve, indicating that at such low acidities 
more complicated phenomena are taking place. In each case both 
curves are characterized by a rather steep slope in their initial portions. 
Solutions of the pure complex impart thus to the indifferent electrode 
relatively, base potentials, the values of which at first increase rapidly 
in the direction of noble potentials with increasing concentration of 
the molybdate. It follows thus, that in our systems the anions of the 
oxidation-reduction complex function apparently as an active reduc¬ 
ing agent, towards which the molybdate anions, together with the 
hydrogen ions, play the role of oxidizing agents. A considerable sensiti¬ 
vity of the electrode towards small additions of the molybdate to 
weakly acidulated solutions of the complex may even indicate a slight 
hydrolysis 7 ) of the oxidation-reduction complex: 

\Mo 2 ()(OH) 7 MoO^ ^OH' . MofiJpH) % f~// 2 0, 
which would lead to setting free of the ions of inolybdic acid. 

Assuming thus the following scheme for the reaction determining 
the potential: 


x Oxid f- z Acid + n ; = y Red (-f H 2 ())> 
where the symbols Oxid and Red represent respectively the anion 
of inolybdic acid and that of the oxidation-reduction complex. We 
treat the anions of this complex as immediate products of reduction 
of the anions of the molybdic acid, without regard to its mechanism 
and to eventual simultaneous “equipotential” reactions, in which the 
ultimate dissociation products of the complex, e. g. MoO **" or Mo li: may 
act as reducing agents. Both these ions, if they exist at all, can occur 
only in minimal quantities inaccessible to measurement and calculation. 

Using Nernst's equation fitting the discussed system: 


RT , {OzidY.al 
' ='” + nf | II,ip 


(I), 


where the symbols [Oxid] and [Red] signify concentrations of the 
molybdate and the oxidation-reduction complex resp. multiplied by 
the corresponding activity coefficients and the symbol (in the activity 
of the hydrogen ion. For variable concentrations of acid at constant 
concentrations of the oxidizing and reducing agents w r e obtain after 
differentiating equation (1) the relation: 




RT z 
F * n 


1 hi (ih , 
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or by introducing common logarithms and putting for a* the values 
of 7 ijf, and for R , F and T = 293° their numerical values: 

1 f =, — - 0-058- 2 Ap H . (2) 

n 

From this it would be possible to calculate the absolute value of 
the ratio z : n, and thus of the ratio of the stoichiometrical coefficients 



3 4 5 6 

Fig. 3. 


of the hydrogen ions and the electric equivalents. Equation ( 2 ) re¬ 
quires constancy of the ratio z:n , because z and n are constant in 
conformity with the accepted reaction scheme. 

The results recorded in Table 111 give the relation between the 
values of eh and pu . Examining this table we do not observe the 
linearity demanded by equation ( 2 ). This is seen better from the 
appended Fig. 3 giving the dependence of the electrode potential on 
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the acidity. The points 1 to 7 of the curve correspond in succession 
to the measurements from Table III. 

The non-linear course of these points indicates an inconstancy of 
the ratio z tow, which can follow only from the change of concentration 
of the active ions of the oxidizing agent and perhaps also of the 
reducing agent under the influence of changes in acidity. 

In order to explain the differences between the numerous molybdates 
and tungstates, a hypothesis was advanced in structural chemistry, ac¬ 
cording to which the structures of these salts are formulated as follows: 
A 6 // 4 [II 2 (Mo0 4 )^\ — bimolybdates 
X b H s [H 2 (MoOJs | - paramolybdates 

A 4 // 6 [1I 2 (d/o0 4 ) 6 J — trimolybdates 
A r 6 // 4 [i/ 2 (ilia>0 7 ) 6 ] — tetramolybdates 
X$H 7 [H 2 ( Ma,0 7 ) ft ] — octamolybdates 
Besides this the investigation by (J. Jander and W. Heuken- 
shoven of tungstates 8 ) and later on also of molybdates, 0 ) by means 
of optical absorption, conductimetric and thermometric titration, as 
well as diffusion measurements, confirmed the existence of various 
polymeric ions in water solutions of these salts. The ionic composition 
of these solutions depends on their acidity. In alkaline solutions 
only the simple anions Mo0 4 ' are present. In proportion as the acidity 
increases the equilibrium is shifted to the more acid polymeric ions, 
as is shown, e. g., in following instances adduced by these authors: 
6 Mo(); f 4 - « /r . [Ho (MoOt )*|// 4 " "'' 

II 2 (MoOMH 4 ' . f 2 H\ [H 2 (MoO,),Wr etc. 

From the course of the curve in Fig. 3 it is apparent that also 

1 1 

the values of the quotient — , which is the measure of the 

I pn 

gradient of this curve, are not constant, but increase with falling 
acidity. If we explain this excessive diminution of oxidizing power 
by a decrease of concentration of the active ions of the oxidizing 
agent, we arrive at the conclusion, that these ions are the acid polyme¬ 
ric anions of molybdic acid, because their own concentration decreases 
with falling acidity. We are lead to the same conclusion also in calcu¬ 
lating the individual values of the ratio z\v. For the reaction* 

3 Mo0 4 " \ 1 H' -r 2 4 ;y [Mo v 2 .Mo y] 0 4 (OH) 1 Y 
the value of this ratio should be 7:2—3-5, for the reaction, e. g., 
[H 2 (MoOMH 6 '"'+ 6//’-I- 4 v . ; ' 2[Mo y 2 ,Mo y H) 4 (OH) 7 y 
z: n==fi :4=~ 1-5, for the free acid, however, it falls to zero. 
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If we calculate any mean value of the ratio z : n, e. g. from the 
differences A e and A pn between the measurements 4 and 7 of 
Table TIT, we obtain the number 1 -41, and in the same way from 
the measurements 1 and 3 the number 0-82. Both these values cor¬ 
respond to reactions with the highly polymerized anions of molybdic 
acid rather than with the anion MoO A ". 

The ability of forming oxidation-reduction complexes, that is, ther¬ 
modynamically interpreted, intermediate stages of oxidation, is a cha¬ 
racteristic peculiarity of the chemistry of molybdenum compounds 
and is otherwise comparatively rare. The inclination, however, of the 
ions containing oxygen to polymerise under the influence of acids 
is more frequent, and it has undoubtedly in most instances an essential 
influence upon the stabilization of oxidation-reduction equilibria. 

Institute of inorganic (hemistry , 

The Polytechnic School , Lwotc (Poland). 
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Etude de lacide hippurhydroxamique 

par J. V. DUBSK^ et ,J. TRTfLEK. 


En etudiant la formation des oximes de l acide hippurique et de 
ses derives nous avons constate que Toximation s’effectue le mieux 
lorsqu’on fait agir, dans certain es conditions, Thydroxvlamine sur 
Tamide hippurique qu'on obtient aisement en faisant lwmillir Tether 
hippurique avee de Tammoniaque. 

En milieu hydroalooolique il s’aecomplit la reaction suivante.eonnue 
pour beaucoup d’autres amides: 


r h no v// on n NH 2 H.OII 
u.xhj () + h 2 .N()H 


OH 


(\H b .00. NH .0H % .0' 4 NH A . OH . 


II ne se forme done pas line amidoxime mais, avee perte d’une 
molecule d'ammoniac, Toxime de lacide, e’est-a-dire Tacide hydro- 
xamique. 

Au cours des diverses preparations de Tacide hippurhydroxamique 
nous avons pu observer qu'il se forme, suivant les conditions, notarn- 
inent la temperature, deux corps differant par leur aspect et leur point- 
de fusion, mais posseda-nt la meme com])osition 

L’un fond it 140° et cristallise en tines eeailles soveuses, l’autre, 
a 159° et se sdpare en jolies aiguilles. Leur solubilite ne differe pas 
essentiellement, ils sont l’un et l'autre peu solubles dans l’eau froide, 
bien solubles dans l’eau chaude et dans 1'aleool. 

L’un et l’autre donnent la reaction tvpique des acides hydroxa- 
miques avee le chlorure ferrique; avee les sels euivriques ils separent, 
en milieu mod^rement alcalin, quantitativement un precipite vert volu- 
mineux, insoluble dans l’eau. 

L’oxime k point de fusion plus bas se laisse transformer en oxime 
ii point de fusion plus el eve par simple ebullition de ses solutions 



104 


aqileuses. Le refroidissement de ces dernicres donne des aiguilles ca- 
ractEristiques, fusibles k 159°. Une Ebullition prolongee ne produit 
aucune alteration, de meme que le ehauffage direct des solutions 
aqueuses de l’oxime a point de fusion 159°. 

On est done en presence d’un phenomene d’isomerie. Plusieurs expli¬ 
cations sont possibles ici. Celle qui nous parait la plus vraisemblable 
est d’admettre avec Mcisenheimer et ses collaborateurs et 
Hantzsch-Werner que les groupes hydroxyles sont respective- 
merit en positions cis ou trans, ainsi que nous le montre le schema 

1. || II. II 

N-OH HO-N 

Cette supposition est surtout corroboree par la dessiecation dans le 
vide des deux corps, pendant laquelle ils se comportent tout a fait 
differemment. lie produit a point de fusion has perd en poids, brunit 
et subit une decomposition, tandis que le produit a point de fusion 
plus eleve ne s’altere pas sensiblement dans des conditions rigoureuse- 
ment identiques. 

On peut en eonclure que Facide hippurhydroxamique p. do f. 141° 
correspond a la forme cis 

(\H h .GO . Nil .C// 2 -C —OH 


N — OH 

dans laquelle le voisinage des groupes OH rend facile la perte d’eau, 
ce qui entraine la destruction de la molecule. Cost la forme moins 
stable, e’est pourquoi elle se transforine par simple ebullition dans la 
forme plus stable, fusible k 159—1 H0°, la forme trans: 

(\H 6 . CO. NH . ( 7/ a ( 1 —OH 


HO -N 

Des lors, on con^oit aisement que dans la preparation des oximes 
en question on obtienne surtout la forme trans, alors que Fobtention 
de la forme cis presente des difficulties. 

Les analyses des sels de euivre concordent chez les deux oximes, 
de meme que leurs propriety; il parait done que dans Tun et Fautre 
cas il se forme un meme sel renfermant 1 at. de euivre pour 1 mol. 
d’oxime. 

Si l’on se represent© les possibilities steriques pour la position des 
groupes NOH et OH et qu’on aille jusqu a admettre que FhydrogEne 
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faisant partie du groupe imino de la chaine soit reactif, on obtient 
plusieurs possibility structurales parmi lesquelles nous considerons la 
suivante comme la plus vraisemblable: 

(\H i .G0.NH.CH 2 .C-0 N 

II )Cu 
N — O' 


La stability du corps et sa resistance vis-a-vis des diffcrents reactifs 
rniliterait en faveur du cycle a 5 chainons qu’on vient de signaler. 
La possibility de la formation du composy basique 

C\H ,. CO . Nil. CH 2 . C(OH) - NO — Cu—OH 


ne se laisse pas justifier; le corps perd, en effet, deja a 100° toute 
son cau, dont la teneur est d’ailleurs variable suivant les conditions 
dans lesquelles le corps a etc conserve avant la dessiccation. 

Chez les sels analogues de cobalt les choses sont bien plus compli- 
quees. Si Von opere avec le chlorure de cobalt, on obtient divers me¬ 
langes de composes renfermant du cobalt bivalent et du cobalt trivalent, 
avec une proportion plus ou moins forte de chlore, et dont la couleur, 
rose au debut, finit par devenir brurie. II s'agit la evidemment d’une 
oxydation de sels eobalteux en cobaltiques. 

Les sels mercuriques sont jaunes et se deeomposent avec le temps 
en prenant une couleur grise. Leur constitution n’est pas claire. 

Le scl ferrique est ires soluble dans Feau et dans Falcool avec une 
couleur rouge intense caracteristique. Par addition d’acetate de 
sodium il se forme un scl basique couleur de brique, soluble dans 
Fexces de chlorure ferrique. Sa composition est la suivante: 


<\H h .CO.NH.ClI % .C 

<\h,.('().nh.ch 2 .c ^ 


Ft-—OH. U 2 0. 


Partie experimentale. 

Oximation de l’amide hippurique. 

L'amide hippurique a ete prepare en faisant bouillir Fether hippu¬ 
rique avec de Fammoniaque concentr6e. II est en aiguilles blanches, 
fusiblos a 183° apres recristallisation dans Feau chaude. 

7*1 gr d’amide ( 4 /ioo de mol. gr) sont dissous dans de Falcool chaud, 
la solution est filtree et m61angee k chaud avec une solution aqueuse 
froide de 5*52 gr d’hydrochlorure d’hydroxylamine ( 8 / 100 de mol. gr). 
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Pour neutraliser l'acide chlorhydrique, on ajoute une solution aqueuse 
chaude de 10*9 gr d’acetate de sodium ( 8 / 100 de mol. gr). 

Le liquide reactionnel est filtre de nouveau, puis evapore au bain- 
marie en avant soin de ne pas depasser 70°. Apres environ 2 heures de 
chauffe le liquide est abandonn6 a la eristallisation lente. Apres re- 
froidissement, il sdpare de petites ecailles blanches, soyeuses, pen 
solubles dans Peau, bien solubles dans I’eau ou Palcool chauds. 

Point de fusion : 140°. 

Los solutions aqueuses et alcooliques donnent les reactions typiques 
des acides hydroxamiquos: avec le chlorure ferrique une coloration 
rouge sang intense, avec Pacetate de cuivre mi precipite vert voluini- 
neux. 

L’analyse du produit et surtout de ses sels montre qu'il s’est forme 
1*oxime hippurique (acide bippurfiydroxamiqne). 

L'analyse a etc operee sur un produit recristallise dans Pcau et 
desstfche a Pair. Point de fusion 141°. Perte par dessiceation a 100°: 
0*30% d’eau. 

Analyse: 

Substance: 8*97 mgr. A T 1*132 rr (20°. 737 mm). 

9*03 mgr, ( 1 0 2 18*51 mgr , II/) 4*80 my ). 

(\H 5 .CO . Ml . CH 2 . C(OH) SOH (194): 

Calcule C 55*57%, H 5*15%, A 7 14*43%. 

Trouve C 55*98°;,, H 5*94%, N 14*25°;,. 

Formation du corps isomere: 

La preparation deerite ci-dessus a etc ropotee avec le double poids 
de matieres premieres. A la difference du premier essai Pamide a ete 
dissoute a. chaud dans de Palcool a 70%, puis melangee avec une 
solution chaude de chlorhydrate (Phvdroxylamine neutralisee. Le liquide 
reactionnel a ete maintenu 2 heures environ au bain-marie, puis 
evapore partiellement. 11 a acquis une teinte jaune. Par refroidisse- 
ment, il a separe des aiguilles brillantes differant tout a fait des ecailles 
obtenues dans Pessai precedent. On les a essore, lav6 a Peau froide 
et sech£ a Pair. 

Leur solubilite est la meme que pour le produit d^crit plus haut. 
Les solutions donnent les reactions caraoteristiques des acides hydro- 
xamiques. 

Recristallisees dans Peau, les aiguilles fondent entre 159° et 160° 
en donnant un liquide limpide qui se decompose au-dessus de 170°. 
La dessiceation k 100° ne produit aucune perte de poids. 
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Analyse: 

Substance: 9-08 vigr, N 1*176 cc (23*5°, 746 mm). 

8*37 mgr , C() 2 17*23 mgr , HJ) 4*02 mgr. 

(\H h . CO . AT// . CH 2 . C(0£T) - AW/ (p. in. 194): 

Calcule N 14*43%, C 55-67%, // 5*15%. 

Trouve A r 14*63%, f 56*13%, JI 5-37%. 

La composition du corps est done la meme que dans le cas precedent. 

Malgre l’asjieet et les points do fusion differents il s’agit done de 
corps de meme composition, de corps isomeres. 

IL est assez difficile de distinguer les preparations des deux isomeres. 
Dans nos premiers essais. nous obtenions le corps fusible a 141° 
a l’etat d'ecailles soyeuses, alors que nous avons pu saisir le corps 
a p. de f. 159--160° plutdt par hasard. En repetant ces essais de pre¬ 
paration du premier corps, qui iravaient pourtant presente aucune 
difficulte auparavant, nous obtenions toutefois le corps pyramidal 
fusible a 160°. O sont surtout les conditions de temperature qui 
jouent un idle decisif. 

Transform at ion des aeides hippurhydrox amiq lies 

iso me res. 

Due solution aqueuse d’oxime fusible a 141° (ecailles soyeuses) est 
maintenue en ebullition a reflux pendant (pielques lieu res. A la fin, 
on concentre un peu la solution et on rabandonne an refroidissement 
lent. 11 y a separation de cristaux aciculaires de I'isomere fusible 
a 160°. Lorsque I’oxime obtenue dans l essai signale anterieurement 
(p. de f. 159—160°) est maintenue en ebullition moderee, on ne peut 
const ater aucune alteration. 

Dessiccation dans le vide des aeides hippurliydro- 
xam iques isomeres. 

L’un et I’autre corps ont etc seches dans le vide de 10 -20 mm de 
mercure entre 105 et 110°. Au bout de chaque heure, les produits ont 
ete pes&s. 

ficailles fusibles a 141°: 

Substance: 0* 1036 gr, perte apres 1 heure 0*0200 gr ... 19*30%. 

2 heures 0-0254 gr. .. 24*51 %. 

„ 3 „ 0*0286 gr. . .27*60%. 



Au cours de la dessiccation le corps subit une decomposition visible, 
il se ramollit et brunit. Pour cette raison les pertes n’ont pas pu 
acquerir une valeur constant©. 

Oristaux aciculaires fusibles a 160°: 

Substance: 0*1149 gr, perte apres 1 heure 0*0000 gr.. .0*52%. 

2 heures 0*0016 gr ... 1*39%. 

„ „ 3 „ 0*0060 gr .. .5*22%. 

On voit qu'ici les pertes sont tres faibles en comparaison de celles 
observees pour le premier corps. La dessiccation ne determine pas de 
decomposition sensible, c’est tout an plus avant la derniere pes^e 
que le produit montre par ci et par la une coloration rose. 

Sel cuivrique de 1’aeide hippurhy droxamique fusible 4 140°. 

1 gr d’oxime, dissous dans de l’eau chaude, est additionne d’une 
solution chaude d’acetatc de cuivre A r /10. Le precipite volumineux 
vert est soigneusement lave a Teau chaude, puis seche a Tail*. 

Les eaux meres donnent avec 1’acetate de sodium une nouvelle 
portion du produit. 

Si la solution d’oxime est en exces, aucune trace de cuivre ne se 
Jaisse deceler dans le filtrat par les reactifs habituels, en d’autres 
termes, la reaction s’accomplit quantitativement. La (condition ne~ 
cessaire est d’operer en milieu neutre ou faiblement alcalin; en liqueur 
acide, le sel cuivrique de l’acide hippurhydroxamique est aisement 
soluble. 

Analyse: 

Substance: 0*1035 gr, perte au-dessous de 100° 0*0060 gr ... 5*79% 

d’eau. 

0*1035 gr, CuO 0*0298 gr ... 23*00% de Cn. 

Substance: 0*00878 gr, N 0*775 cc (23°, 743 mm) 9*95% de N. 

Cv : N = \ : 1*956 

ce qui Concorde avec la composition dun corps que Ton se peut figurer 
constitue de la maniere suivante: 

C\H 5 .CO. NH . ( 7/ 2 . C—O 

II /Ou.H 2 0 (p. m. 274) 

A 7 — 0 / 

Calculi: Cu 23*20%, N 10*20%, H 2 0 6*56%. 

Trouve: Chi 23*00%, N 9*95%, H 2 0 5*79%. 

La teneur en eau trouvee differe de cell© calculee. II s’agit 6videm- 
ment de traces d’eau qu on n’arrive pas k expulser au-dessous de 100 °. 
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Sel cuivrique de l’oxime fusible de 159 a 160°. 

II a ete prepare dans le meme but que le sel ci-dessus, c est-a-dire 
en vue de corroborer nos vues sur la constitution des oximes isomeres. 

3*9 gr d’acide hippurhydroxamique p. de f. 100° wont dissous dans 
l’eau chaude, puis additionn^s a chaud de 100 cc d’une solution d’ace- 
tate cuivrique Nj 2 [cequicorrespond k environ ogr de {CH^X'D .0) 2 f'u]. 
lei encore il se forme un precipite volumineux vert. On le lave 
a Feau et seche a l air. Comme il etait difficile dobtenir un pourcentage 
d’eau constant, le produit a ete seche a 100° avant Fanalyse. 

Ni par son aspect ni par sa solubilite le sel ne differe du sel decrit 
dans l’essai precedent. 

Analyse: 

Substance: 0*00759 gr , N 0*751 cc (22*5°, 738 mm) ... X 11*09%. 

0*1619 gr, CuO 0*0505 gr ... Cu 24*89 %. 

Cu : N ---- 1 : 2*023 

oe qui concorde avec la composition d un sel 

( \U h .CO. XH . CH t . C—O, 

|| Cu (p. m. 256) 

r~0'' 

Calcule: Cu 24*87%, X 10*95%. 

Trouve: Cu 24*89%, X 11*09%. 

Sel cobalteux de Facide hippurhydroxamique. 

A 1 gr d’oxime p. de f. 140° (cis) dissous dans de lean chaude on 
ajoute d'abord 0*65 gr d’acetate de sodium ( l ! 2 oo c ^ e mo »* & r b pui» 
goutte a goutte unc solution de 4*76 gr de chlorure cobalteux hexa- 
hydrate ( 2 / 100 de mol. gr) dans 20 cc deau et 20 cc d’ammoniaque 2 n. 
Il se produit un precipite rose qui devient brun pendant Fessorage, a ce 
qu’il parait par suite de Foxydation. Il renferme 6*55% d’eau, 17*14% 
de cobalt (ce qui correspond au poids mol^culaire de 344), et 10*62% 
d’azote (poids mol. 131*8). Le rapport Co : X - 1 : 2*0 montre qu’on 
est en presence d un melange qui parait contenir du cobalt bivalent 
et du cobalt trivalent. 

On peut en outre isoler des corps renfermant un pourcentage consi¬ 
derable de ehlore, Leur constitution est certainemcnt fort compliqu^e. 

Sel mercurique de Facide hippurhydroxamique. 

Une solution aqueuse chaude de 4 gr d*oxime p. de f. 159° (trails) 
est versee par gouttes dans un exces d’azotate mercurique N/2. Pour 

8 



110 


neutraliser Tazotate, on ajoute 3*98 gr d’acetate de sodium en solution 
aqueuse chaude. On obtient un precipite jaune volumineux qu’on 
chauffe au bain-marie pendant quelque temps, essore et lave k Teau 
chaude. 

Seche a I’air, il se convertit en une matiere brune qui donne une 
poudre jaune par broyage. Sous Taction de la chaleur le produit 
acquiert une couleur orangee, par refroidissement il redevient jaune. 

Analyse: 

Substance: 0*00929 gr, N 0*392 cc (23°, 737 mm) N 4*62%. 

0*2248 gr. perte a 100° 0*0125 gr. .. H 2 0 5*50%. 

0* 1582 gr. HgCl 0* 1158 gr. Eg 02* 19 %. 

Eg : N - 1 : 1*00. 

| (\H & . CO. NH XII t . V ° N() | Hg\. 3 H,() : 

Calcule N 4*31%, Eg 02*28%, HJ) 8*38%. 

Trouv6 N 4*02%, Eg 02*19%, EX) 5*50%. 

Le pourcentage d’eau repond k 2 mol. de EX), la troisieme molecule 
ne peut pas etre chassee aux temperatures ne depassant- pas 100°. 
Le produit se prete mal k Tetude, il se decompose pendant la con¬ 
servation en devenant gris par le mercure mis en liberte. 

Sel ferrique de Tacide hippurhydroxamique. 

Les solutions de Tacide donnent avec le chlorure ferrique une colo¬ 
ration rouge cerise intense. L’addition de quelques gouttes d’acetate 
de sodium donne immediatement naissance a un precipite rouge brique, 
soluble dans Texces de chlorure ferrique. Le produit est insoluble 
dans l’eau, dans Teau bouillante il noircit avec decomposition. 

0*0 gr soit environ 3 / 1000 de mol. gr d’acide hippurhydroxainique ont 
H6 dissous dans de Teau chaude, puis additionnes dune solution de 
0*27 gr de FeCl 3 .6 E 2 0 (Viooo de mol. gr). Lorsqu'on ajoute quelques 
gouttes d’acetate de sodium, on obtient un precipite qu’on lave k Teau 
et seche a I’air. 

Analyse: 

Substance: 0*0698 gr, perte jusqu a 100° 0*0046 gr, E/) 4*16%. 

0*0698 gr, Fe 2 0 2 0*0115 gr, Ft 11*52%. 

5*76 mgr, N 0*610 cc (20°, 735 mm), *N 11*93%. 

Ft : N = 1 : 4*13. 
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Pour un sel basique 


C^ 5 .CO.NH.CH t .C<^ } 
C 6 H„.CO. NH.CH 2 .C< h 0 ( ^ 


Fe—OH .H.JO: 


Calculi Fe 11-71%, N 11-74%, H./J 3-77%. 
Trouv£ Fe 11*52%, A T 11-93%, H/) 4-16%. 


Requ en decernbre 1932 . 

Institut de Chimie analytique 
de la Faculte des Sciences a V University Masaryk Brno 
( Tchecoslovaquie ). 


8 * 



POLAROGRAPHIC STUDIES WITH THE DROPPING MERCURY 
KATHODE. - PART XXXI. - A NEW TEST FOR PROTEINS IN 
THE PRESENCE OF COBALT SALTS IN AMMONIACAL SOLUTIONS 
OF AMMONIUM CHLORIDE. 

By K. BRDTCKA. 

When studying the reduction of the compounds of trivalent cobalt 
at the dropping mercury kathode in solutions of cobaltammines, the 



Fig- 1. 

5 x 10 2 n NH t Cl in 4-8 x Hr * m 2 x 10 * m Co(XH, ),(%,. 


author has observed a remarkable and rather unexpected phenomenon 
on the current-voltage curve effected by the presence of proteins. This 
effect has been submitted to an exhaustive experimental investigation. 

The hexammine-cobaltic chloride — chosen for this research because 
of its comparative stability — exhibits on the current-voltage curve 
two reduction stages, the first of them being due to the reduction of 
trivalent cobalt to cobaltous ions, whereas the second one corresponds 
to the discharge of cobaltous ions at the surface of the mercury kathode. 
The ratio of diffusion currents due to these two reactions is exactly 1:2, 
just as required by theory since the amount of electricity consumed 
in the second reduction stage is twice as great as that necessary for 
the first one. (Fig. 1.) 
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Such a simple shape of the current-voltage curve is observed only 
in the case, when the hexammine-cobaltic chloride is dissolved in ammo¬ 
nium chloride solution. When, however, a solution of alkali chlorides 
is used as “indifferent” solvent then under certain conditions there 
appears on the current-voltage curve one more reduction stage at 
a voltage which is bv 0*2 volt lower than that of the second reduction 
stage. This third type of reduction should also correspond to the dis¬ 
charge of cobaltous ions which are present under these conditions to 
a certain degree in a more easily reducible form. It has been proved 
in many instances that there is no perfect mobile equilibrium between 
different complexes with central ions of the same valency. 1 ) 2 ) This 
last question, however, will be dealt with in a special investigation, 
and does not immediately concern the present problem. 

The fact that cobaltous ions can be reduced according to their com¬ 
plexity, at two different potentials is worth mentioning here, because 
the same phenomenon is observed when using solutions of proteins, 
and, further, those of cystine. It is met with in those instances w'hen 
cobaltous ion w ith its sphere of coordination filled with “electroneutral 
molecules” — reacts to form an ion with acid radicals bound coordinate - 
vely 2 ), 3 ) (e. g. (Co(H 2 0) 5 OH)\ CoL\'"\ Co(CNS),\Co(CN ) 6 "' etc.). 

In a buffer solution of 0* 1 n ammonium chloride in 0-1 norm, ammonia 
the increase of the current on the polarographic curve corresponding 
to the deposition of cobalt — in contradistinction to the same part 
of the curve in aqueous cobaltous chloride solutions where it has an 
irreversible character 3 ) — becomes more steep in accord with the 
exponential formula derived for the reversible deposition of a bivalent 
kation. The curve in this case exhibits also a prominent maximum 
of the current which indicates an increased adsorption of cobaltous 
ions at the kathode surface. 

Because the maxima of the current complicate the shape of the 
polarographic curve when it is applied in quantitative estimation of the 
reducible substances, these maxima are suppressed in polarographic 
practice by the addition of surface active substances. For suppressing the 
maximum of cobalt deposition the author has tried the addition of 
blood serum, the great surface activity of the latter being known from 
other investigations in this Institute. 4 ) 

Indeed, on this addition the maximum of the cobalt deposition 
current entirely vanishes, but there are brought into existence two 
new waves characteristic for proteins, which, however, never appear 
in solutions of blood serum alone. (Fig. 2.) 
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It is known that polarographic curve of serum exhibits only one 
small reduction wave situated near to the deposition potential of the 
alkali ions. 6 ) The nature of this reduction wave has not been firmly 
established, it was proved, however, that it is probably connected with 
the presence of proteins. J. Heyrovsk^ and J. Babitfka 6 ), in a de¬ 
tailed investigation, have shown that this wave increases with increas¬ 
ing ammonium chloride content until this content reaches a certain 
value, where further additions of ammonium chloride have no effect. 



Curve: I. 10 1 n NH 4 Cl in JO 1 n NH Z , 

2. 10”” 1 n NH 4 Cl in 10” 1 n NH Z in 400 x dil. human serum (-4). 

3. 3 X 10~ 3 n Co(NH z )£l z in 10“* n NH 4 Cl in 10 1 n NH 2 . 

4. 3 x 10" 8 n Co(NH- A ) n Cl 3 in 10~ l n NH z Cl in 10 NH Z in 400xdil. 
human serum (.4'). 

On the other hand when serum is added to a sufficiently strong solution 
of ammonium chloride the wave increases approximately in direct pro¬ 
portion to the amount of serum present. The same relations were 
found also with proteins from other sources. According toHeyrovsk^ 
and Babifcka this wave is due not to the reduction of the protein, but 
to the catalytically induced deposition of hydrogen from NH^- ions, 
which they regard as a complex of hydrions. 

The height of the protein wave in the instance investigated by 
Heyrovsky and Babidka is determined by two components in 
solution. The above mentioned polarographic test for proteins with 
a cobaltammine is, however, a much more complicated phenomenon, 
since — as it will be shown below — it depends on four constituents 
of the solution each of them influencing the shape, the magnitude 
and the position of two characteristic waves. 
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Experimental part. 

The usual polarographic arrangement was employed, and the current- 
voltage curves were recorded by means of a mirror galvanometer 
(Hartmann-Braun) with a sensitivity of 12 x 10— B amp ./mm and a half 
period of sw'ing of 4-53 sec. A 4-volt accumulator was employed 
throughout. 



Kin. 3. 

2 «. 10 *n('o(NH,) t Cl 3 in 10 ’ n NHJC'l in 10 1 » NH 3 in ti l y 10 
2-4 gj liter ‘ Blood Albumen”. (Each curve starts from — 0*8 volts.) 


Careful attention was paid to the investigation of the exact relation¬ 
ships between the height of the new ‘protein waves” and the concentra¬ 
tion of single components in the solution. Therefore the titration arrange¬ 
ment described by J. Heyrovsky and N. V. Emelianova 7 ) was 
used throughout the work. The solution in the burette was always 
of the same composition as that in electrolysis cell, except one compo¬ 
nent, the concentration of which in the solution to be electrolysed 
Avas calculated from dilution. 

Protein used in this investigation was “Albumin aus Blut” supplied 
by the firm Dr. Fraenkel and Dr. Landau. Solutions were prepared 
by dissolving 5 gr of this protein in 100 cc of water or of physiological 
solution of sodium chloride. The resulting solution was filtered through 
a cotton wool plug to remove the undissolved residue. In preliminary 
experiments this residue was not taken into consideration and the con¬ 
centration of protein was expressed in grams per litre of solution. 

The following results were obtained: 

The dependence on the protein content. In solutions of 
2 x 10~~ 3 n hexammine-cobaltic chloride in 0-1 n ammonium chloride and 
0*1 n ammonia the concentration of protein varied from 6-1 x 10“ 2 to 
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5*8 fl'/litre. The height of both waves caused by protein increases with 
the concentration of protein. This increase is not linear, but can be 
represented by a curve giving a limiting value. The limiting value is 
attained in this case when the concentration of protein is about 
0-8—10 gjl. (Fig. 3.) 

The ratio of the height of the ‘‘protein waves" is 2:1 and the sum 
of their heights is 118^2 mms at a galvanometer sensitivity 100 times 
reduced from the full value (i. e. at 1-2x10- 7 amp./mm), whereas 
the diffusion wave of cobalt deposition in 2 x 10"~ 3 n Co(NH^) n Cl s solu¬ 
tion has a height of 20 -f 1 mm and, including the first reduction stage, 
30 ±2 mm. At concentrations of hexammine-cobaltic chloride low'erthan 
5 x 10“ 4 w the second protein w ave does not appear at all, only the first 
wave increasing w ith concentration of protein in the manner described 
above. This first w ave reaches its limiting value of 15 mm in 3 X 10 4 v 
solution of the hexammine-cobaltic chloride at 1/100 of the original 
galvanometer sensitivity w hen the concentration of protein is between 
0*4 and 0*5 gjl. The diffusion wave of cobalt deposition is in this case 
3 mms , which corresponds exactly to this concentration of cobalt. 

When the concentration of hexammine-cobaltic chloride is increased 
above 3xl0~ 3 n the ratio of “protein waves" approaches 1:1; their 
dependence on the concentration of protein remaining, however, un¬ 
changed. 

At first, all these exj>erirnents were carried out in hydrogen atmo¬ 
sphere in order to avoid complications due to the reduction of oxygen 
from air. Since, however, the reduction waves of oxygen occur at 
much lower voltages than the waves due to protein, and also since 
it was possible to employ low galvanometer sensitivities at w r hieh the 
reduction waves of oxygon are vanishingly small, further work w r as 
carried out with solutions containing air, which greatly simplified 
the experimental procedure. 

On measuring the kathodic potentials from polarographic curves it 
was established that protein additions displace the deposition potential 
of cobalt by ca. 0*2 volt towards a more positive value, so that in the 
presence of oxygen the reduction w ave of hydrogen peroxide coincides 
with the diffusion wave of cobalt deposition, which therefore appears 
higher. 

The cobalt deposition potential is very sensitive tow ards small traces 
of the added protein and the gradual displacement of this potential 
towards more positive values can be observed only when protein is 
added in high dilution. 



117 


Further the use of a cobaltous salt solution instead of a cobalt- 
ammine was tried. In order to prevent any oxidation of cobaltous ions 
in ammoniacal solutions of ammonium chloride by atmospheric oxygen 
the solutions were prepared by mixing solutions of cobaltous chloride 
in ammonium chloride with ammonia in an atmosphere of hydrogen. 
When using the mixture of ()• 1 n ammonium chloride in 0* 1 n ammonia 
it is not possible to prepare a solution with a greater concentration 
of cobaltous chloride than 3 x 10 “ 3 n, since otherwise the precipitation 
of cobaltous hydroxide takes place. It has to be noted that these 
solutions can be prepared only by mixing ammonia with a solution 



2x10 3 n CoCl t in 10 1 NH,Cl in 10' 1 n NH 9 in 6*1 X 10“ 2 * 2-4 gil 
“Blood Albumen”. (Each curve starts from — 0*8 volts.) 

of cobaltous chloride in ammonium chloride. (When aqueous cobaltous 
chloride solution is added to a solution of ammonium chloride in ammo¬ 
nia the hydroxide precipitation occurs even below the concentration 
of cobaltous salt given above.) 

The solutions thus prepared were studied by means of the polarograph 
as before and results were obtained as to the effect of protein on the 
current-voltage curve similar to those solutions containing the hexam- 
mine-cobaltic chloride which were described already. In a solution of 
2 x 10 3 Ti, CoCIv in 01 n NH A Cl in 0-1 n NH S the dependence of both 
“protein waves** — which likewise appear here — on the concentration 
of protein can be expressed by the same curve which approaches the 
limiting value at the same concentration (viz. 1 gjl) of protein. The 
effect of protein was studied here within the range of 3*1 x 10~~ 2 to 
5*8 g/l. (Fig. 4.) 
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The sum of the heights of both “protein waves” is in this case 
somewhat greater than in the presence of eobaltammine and equals 
124^3ram, while the diffusion wave of cobalt deposition has increased 
in the same proportion to 32 ±2 mm which may be due to its greater 
diffusion velocity. At concentrations lower than 5 x 10“~ 4 w, of CoCl 2 
only the first “protein wave” appears on the polarogram. Protein 
additions in this instance also produce the displacement of cobalt de¬ 
position potential towards more positive values, and, when working 
with solutions saturated with air, the diffusion current of cobalt depo¬ 
sition is superposed on the peroxide reduction current. Thus, a perfect 
analogy exists between the effects of bivalent and trivalent cobalt ions. 

The approximate equality of the limiting values of both protein 
waves is, however, only an accidental fact, and it cannot be attributed 
to the equal normality of the cobalt salt solutions, viz. 2 x 10“ 3 n CoCl 2 
and 2 x 10~ 3 n Co(N H z ) z Cl z . One could rather expect that equal heights 
of protein waves would be attained in solutions containing equal amounts 
of cobalt atoms, e. g. in 3 x 10 Co(NH z ) 6 Cl 3 and in 2 x 10~ 3 n CoCl 2 . 
However in this case the height of “protein w ave" was found to be 
160 ±3 mm for the solution of eobaltammine and 124 4 3 mm for the 
cobaltous chloride solution. This discrepancy can be explained by the 
fact that, on electroreduction of the hexammine-cobaltic ion, ammonia 
molecules are set free at the kathode surface and, as it will be shown 
below, ammonia has a considerable influence on the increase of‘‘protein 
waves". When, however, in solutions of equal atomic concentration of 
cobalt the content of ammonia is increased, then the amount of am¬ 
monia molecules set free on the reduction of hexammine-cobaltic chlo¬ 
ride becomes negligible in comparison with the amount of ammonia 
added, and the height of “protein waves" approaches to the same 
limiting value for both cases i. e. for CoCl 2 and for Co(NH 3 ) 6 Cl z . Thus 
in solutions of 

a) 3 x 11)— 3 n Oo(NH z ) % (Jl z in 1 n NH 3 in 1 n NH % CI 

and b) 2 x 10 3 n CoOl 2 in 1 n NH Z in 1 n NH^CL 

both containing 0-8 gjl of protein, the same height of “protein waves" 
(~ 48 O- 1-5 mm at 1/100 of the full sensitivity of galvanometer) was 
observed. 

The dependence on the concentration of cobalt. In a fur¬ 
ther series of experiments solutions with varying contents of cobalt 
salt and constant concentration of ammonium chloride (0<ln) ammonia 
(0*1») and protein (0*25 g/l — 6*5 g/l) were investigated. The concentra- 
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tion of cobalt salt varied between 7 x 10 ~ 5 n and 2 x 10-»n for CoCl 2 and 
between 3x I0“ 4 and 6x 10~ 3 n for Co(NH B ) n Cl 3 . Within these limits the 
“protein waves” increase with increasing concentration of cobalt salt. 
When the concentration of protein is-at least just as high as is required 
for the attainment of the limiting value of the “protein wave” (1 gjl), 
the dependence of this wave on the concentration of cobalt ions is 
a linear one. (Pig. 5.) At lower concentrations of protein, this depen¬ 
dence can be represented by a curve approaching a limiting value. 



10 1 n NH A Cl in 10' 1 w NH S in 0*25 gll “Blood Albumen" 
m 3-6 x 1*7 x 10 n Co{NH z ) t Cl n . 

Dependence on the concentration of ammonium ions. 
The role of ammonium ion is very interesting. In order to get the 
characteristic “protein waves” in the presence of cobalt — the ammo¬ 
nium ion cannot be replaced b} r any other ion. 

At a constant concentration of protein (0*25 gr/7), in 01 n ammonia 
and 3xlO““ 3 n Co(NH B ) 9 Cl 3 solution the height of “protein waves” is 
directly proportional to the concentration of ammonium chloride 
which was varied from 4*8 x 10~ 3 n to 3-5 x 10~ 2 w. (Fig. 6.) Since 0*1 n 
ammonia solution has by itself 1*58 xl0~ 3 normal concentration of 
NHt~ ions, it can be easily understood why typical ‘‘protein waves” are 
found also with ammonia solutions in the complete absence of am¬ 
monium chloride. Without knowing the dissociation constant of 
ammonia we can easily obtain the concentration of ammonium ions 
in an aqueous solution of ammonia, by extrapolating the curve for 
the dependence of “protein waves” on the concentration of NH^Cl 
in a given solution of ammonia towards zero concentration of ammo¬ 
nium chloride. 
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Such an extrapolation gives, for example, in 0*1 n ammonia solution 
(NHi) = 1*62 x 10~~ s , which value is in excellent agreement with that 
calculated from the dissociation constant. At protein concentrations 
higher than 0-25 gjl the “protein waves’’ have a somewhat deformed 
shape owing to the occurrence of a flat maximum of the current. 

The linear relationship between the height of “protein waves” and 
the concentration of ammonium chloride ceases to be valid at high 
concentrations of NH A - ions and can be represented by a curve 
tending to a limit. 



3 x 10 3 h Co{NH 9 )J'! 9 in 10 1 n NH 3 in 0-2 gjl “Blood Albumen'*, 
in 4*8 X 10' 3 n - 2 x 10 ~*nNH 9 OL 

Similar experiments with cobaltous chloride could not be performed, 
because it was not possible to prepare such solutions of a reasonable 
concentration in ammonia, ammonium chloride being added only after¬ 
wards. It was found, however, that analogous phenomena occur when 
adding ammonium chloride to a solution containing initially 2 x 10~ 8 n 
CoCl 2l 5 x 1()~ 2 n NH S , 5 x 10 2 n NH 4 Cl and 2-5 gfl of protein. In the 
absence of ammonium ions the “protein waves” do not appear at all. 
This circumstance cannot be ascribed to the simultaneous precipitation 
of protein which under these conditions takes place, as the “protein 
waves” are produced again by the addition of ammonium ions. 

The dependence on the concentration of ammonia. Oo- 
baltammine solutions are not suitable for a study of this dependence 
which cannot be thus properly interpreted. NH Z - molecules are set 
free at the kathode surface during the reduction stage of hexammine- 
cobaltic ion and for this reason the exact concentration of ammonia 
at the kathode surface cannot be determined. 
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Therefore the experiments were carried out mainly with cobaltous 
chloride solutions. It was found, that in the presence of ammonium 
chloride alone the current intensity increases at the voltage of the 
cobalt deposition, the resulting polarographic curve having a some¬ 
what unusual shape (Fig. 7). The “protein wave” is superposed over the 
diffusion wave of cobalt deposition in such a way that the height of 
the latter cannot be discerned, the curve exhibiting a diffuse maximum. 
On adding ammonia in approximately the same amount as that of 
ammonium chloride already present in the solution the curve attains 



!(l 5 h CoCL ± in 10 1 n SH A Cl in 0*61 1-2 g,l "Blood Albumen" (3) 

AT/, added. 


the familiar characteristic shape with two separate "protein waves' 1 
and the wave of cobalt deposition displaced towards more positive 
potentials (Fig. 7 curve 3). On further additions of ammonia cobaltous 
hydroxide does not form as it w as the case in the absence of protein, but 
protein waves increase until their limiting value is finally reached. 
One may suppose that ammonia is being neutralized in this instance 
with protein. The height of the “protein waves” thus produced is 
simultaneously a function of the ammonia concentration. 

When using cobaltammine instead of cobaltous chloride analogous 
phenomena are observed, except that in the absence of ammonia in 
solution the three above mentionned waves do not overlap — as 
was to be expected. 

The influence of all these constituents of some solutions investigated 
is represented on the diagram Fig. 8. 



122 


Tests with other proteins. Plant proteins were tried first. 
Extracts of 1—2 g of rye flour in 1(H) cc of water or 0*1 n NH/'l 
solution were prepared. 



Fig. 8. 


The clear solution was separated from the pasty substance which 
settled down, and added to mixtures of ammonium chloride, ammonia 
and cobaltous chloride or hexammine-cobaltic chloride. 

Qualitatively no difference was found in the behaviour of this 
solution as compared with that of the blood protein. On repeated 
extraction of the pasty substance, the resulting solution failed to 
show the effect. This may be explained by assuming that those consti¬ 
tuents of rye flour responsible for the characteristic “protein waves” 
were removed completely by the first extraction. 
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Similar experiments were performed with other proteins and both 
“protein waves” were found in the albumin, globulin and euglobulin 
fractions of human serum, in solutions of white of egg, in whey, in 
some varieties of wine-vinegar, in insulin, in beer, in some natural 
wines, and in an aqueous extract of sheeps’ wool. On the other hand 
no effect was produced by gelatine, fermented vinegars, and aqueous 
extracts of pure silk. The polarographic test for proteins found by 
J. Heyrovsky and J. BabiSka (1. c.) in solutions of ammonium 
chloride was tried simultaneously with our test, and has given con¬ 
cordant results. 

Two facts seem to be worthy of notice in these experiments. First, 
that the aqueous extract of sheeps’ wool, which is practically insoluble 
in water, produces an effect equivalent to the effect of a solution 
containing (M gjl of blood protein. Secondly, that silk and gelatine 
which are also proteins, do not produce any effect on the polarographic 
curve. The positive test with wool and the negative test with gelatine 
was also observed by «I. Heyrovsky and J. Babi£ka in their study 
(1. e.). 

The influence of temperature. Further knowledge was obtain¬ 
ed on investigating the influence of temperature on the “protein waves". 
The measurements were carried out in a thermostat at 20°, 30°, 
40°, 50°, 60°, 70°, 80° and 90° (\ The increase of temperature produced 
only a moderate increase of the ‘ protein waves" which was concordant 
with the increase of the cobalt deposition current effected by a more 
rapid diffusion at higher temperatures. 

At higher temperatures the shaj>e of the “protein waves" is some¬ 
what altered: the transition from the first to the second wave disap¬ 
pears gradually, the first wave growing at the expense of the second one. 

In these experiments our attention was directed towards the 
changes occurring in the solution owing to the coagulation of proteins 
at higher temperatures. 

It is well known that the temperature of coagulation of a protein 
is lowest at the iso-electric point. In this instance proteins coagulate 
completely. In solutions either more acid or more alkaline than 
corresponds to the iso-electric point — acid-albumin — and alkali- 
albumin ions respectively are formed which are comparatively stable 
and can be held in solution even at its boiling point. When the solution 
containing 0-5 per cent of blood protein was coagulated in such 
conditions by boiling, no change in the polarographic curve was 
observed, although the liquid became strongly turbid. However, on 
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coagulating by boiling the protein dissolved in a neutral ammonium 
chloride solution — in which case it was possible to separate a clear 
solution from the precipitate — the filtrate gave qualitatively the same 
polarographic curve which, however, was about two times lower than 
that obtained before coagulation. 

These experiments suggest, that the described effect is not produced 
by the total amount of protein present in the solution, but that it 
can be ascribed rather to the action of some portion or constituent of 
this complex colloid system which resists coagulation. 

In order to obtain a more exact decision as to this side of the 
problem, the following experiment has been carried out. A solution 
of the white of egg w as held for 10 minutes in a thin-walled test tube 
dipped in boiling w'ater. On cooling the liquid was squeezed out through 
a piece of coarsely textured linen and 15 gr of the remaining gruel-like 
matter was extracted by 100 ccs of cold water. The clear filtered 
extracts were added to a solution of 0*1 n NH x Cl in 0*1 n NH 3 in 10~ 8 n 
cobaltous chloride (or in 1*5 x 10 3 /?, hexammine-cobaltic chloride. 
It was found that the extracts, even w hen diluted several hundred times 
still produced “protein waves 1 ’ of considerable height, although the 
amount of protein present in this case must have been undoubtedly 
less than the amount of blood protein giving the same effect on the 
polarographic curve. A portion of the extract was then mixed with 
an equal volume of nj25 acetic acid to which a drop of saturated 
ammonium sulphate solution had been added. A test tube with the 
resulting solution w^as dipped into boiling water and held at this tem¬ 
perature for 1 hour. Such a procedure is usually employed for quanti¬ 
tative precipitation and estimation of proteins. A clearly visible turbidity 
appeared in the solution after this treatment and the precipitate could 
be very easily separated by means of a centrifuge. On polarographic 
investigation practically no difference was found between the effect 
of the extract thus treated and that of the initial, untreated extract, 
when in the same dilution. For certainty the effect of both extracts 
was compared, in varying dilutions, in solutions of cobaltous chloride, 
of hexammine-cobaltic chloride and finally in solutions of ammonium 
chloride alone. In all these experiments no difference could be observed 
between the treated and the untreated extracts. Fig. 9. 

After such a coagulation of protein the solution can contain only 
the simpler products of proteins — e. g. albumoses and peptones, 
or possibly constituents resulting from a more radical decomposition 
of the protein — and these products may be responsible for the polaro- 
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graphic effect. When a solution contains a considerable amount of 
proteins, then on coagulation some portion of these more simple 
products is co-precipitated owing to adsorption, and in such instances 
the polarographie effect is decreased. 

For identification or at least for an approximate determination of 
the nature of the protein constituent which causes the observed 
phenomena — - a systematic investigation of individual amino-acids 
which arc the ultimate constituents of proteins was undertaken. For 
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this purpose the same solutions have been prepared as before, but 
instead of adding protein, additions of glycocol, asparagine, creatine, 
creatinine, arginine, leucine, and tyrosine were tried in a 5 x 10— 4 mol. 
concentration. None of the amino-acids named was able to produce 
the characteristic effect on the polarographie curve. 

However, a new astonishingly pronounced effect was observed in 
the presence of cystine (disulfide of a-amino /5-thiopropionic acid) in 
solutions of cobaltous chloride, ammonium chloride and ammonia. 
A clearly developed wave appeared on the polarographie curve precisely 
at the same voltage at which the second protein wave was observed. 
This wave had the characteristic diffuse maximum, which was found 
under certain conditions also with proteins. 

Even in the first experiment with cystine we met with a striking 
phenomenon, viz, that the height of this wave was far in excess (namely 
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500 times) of what would be expected, should this wave correspond 
to a reduction of cystine only. At a concentration of 2*4 xl0~*m of 
cystine per litre in a solution of 2 x lO~- 3 nCoCl 2l 10~ l n NHfil and lO— 1 ^ 
NH 3 the height of this wave, expressed in terms of the full galvanometer 
sensitivity was 2600 mm. 

The concentration of 2 x 10“ 6 m /litre represents the lowest limit for 
polarographic detection of reducible substances and produces only a 
small wave several mms high at the full sensitivity of the galvanometer. 

The enormous effect of cystine can be explained only as a catalysis 
of the hydrogen deposition. For this reaction a simultaneous presence 
of cobalt salts in solution is necessary, because in solutions of cystine 
alone (i. e. in the absence of cobalt) no effect whatsoever is observed. 
A detailed description of this phenomenon as well as a theoretical 
explanation of the mechanism of this catalysis will be given in a 
subsequent paper. However, it is worth mentioning here, how the 
polarographic effect of cystine and that of proteins could be correlated. 

Cystine is a constituent of practically all proteins and those proteins 
in which this constituent is absent are comparatively rare. To the 
latter group belong protamines, colagen (gelatine), proteins of silk 
and similar ones. It is remarkable that just these proteins (gelatine 
and the extract of silk) do not show the polarographic test for proteins. 

It is known further that cystine and cysteine form complex com¬ 
pounds with bi- and trivalent cobalt, the composition and constitution 
of these compounds being comparatively well known (see references 
in the subsequent paper). On the other hand, very little is known about 
the complex compounds of proteins with cobalt. 8 ” 15 ) In the latter 
case one cannot definitely affirm the existence of true stoichiometric 
proportions. A somewhat definite indication as to the mode of binding 
of iron with gelatine and casein was adduced in a paper by C. V. 
Smythe and C. L. A. Schmidt. 16 ) These authors have investigated 
this binding with the simplest amino-acids, and have arrived at the 
conclusion that the complex binding is mediated in this instance by 
certain groups within the molecule. The authors did not investigate 
the analogous complex-forming groups in cystine (which are probably 
present in our case) because of insolubility of cystine in a neutral medium. 

As yet we have not.found any mention in literature on the relation 
of proteins to cobalt in which the special problem of binding between 
cobalt and the cystine nucleus could have been considered. 

As follows from the adduced experiments and from analogies with 
cystine analogous complex compounds of proteins with cobalt should 
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be possible. The conception that the polarographic waves observed 
with solutions of proteins correspond to a direct reduction of a reducible 
constituent of proteins mediated by a complex compound with cobalt 
has, however, to be definitely abandoned. 

The survey of the results giving the dependence of “protein waves’' 
on the concentration of ammonium chloride, ammonia, cobaltous 
chloride, hexammine-cobaltic chloride and finally of protein show s that 
the reduction mechanism is a very complicated one, and that most 
probably it is closely related to a catalytic action of cystine under 
similar conditions. 

As to the constituent of protein, which produces the polarographic 
effect described we can state only that it cannot be as simple as is 
cystine itself, but, on the other hand, it is not as complex as a protein 
molecule. The experimental facts corroborating this conception will 
be described in the third part of this series of communications when 1 
the polarographic reactions produced by the products of proteolytic 
and hydrolytic splitting of proteins will be described in detail. In the 
fourth part the experiments with other metallic kations will be com¬ 
municated, especially those concerning the effect of nickel salts. 

The Physico-Chemical Institute. 

Charles' University , Prague. 


S u m m a ry. 

When electrolyzing with the dropping mercury kathode solutions 
containing cobaltous chloride or cobaltammines, ammonia and am¬ 
monium chloride in the presence of proteins of different origin, two 
characteristic waves were observed which do not coincide with a 
protein wave found by Heyrovsky and BabiSka in solutions of am¬ 
monium chloride only. 

The dependence of these new' “protein w aves’ 5 on the concentration of 
individual constituents of the solutions mentioned above was in¬ 
vestigated in detail. This dependence in each instance w hen the 
concentration of only one constituent has been varied at the constant 
concentration of other constituents can be represented by a curve 
approaching a limiting value with increasing content of this one 
constituent of variable concentration. 

The centrifuged solutions, after coagulation of proteins, give under 
the same conditions qualitatively the same test as untreated solutions. 
This test gives also quantitatively the same effect when the initial 
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solution of protein submitted to coagulation is sufficiently dilute, and 
when acetic acid is used for coagulation. 

The same solutions containing various amino-acids instead of 
protein have been investigated and, in the case of additions of cystine, 
an analogous effect was observed. 

Because a very small concentration of cystine (2 x 10 ~ 6 mjl) produces 
an effect which is 500 times greater than would correspond to the 
simple reduction of this compound it is concluded that this effect is a 
catalytic one, the catalyzed reaction being the hydrogen deposition. 

The effects of cystine and of proteins are discussed and, taking 
into account the absence of the polarographic effect with gelatine and 
silk which do not contain cystine nuclei, the conclusion is drawn that 
the new “protein waves” can be correlabed with the presence of cystine 
nuclei in proteins. 

On comparing the effects of cystine and of proteins, it is concluded 
that the constituent of protein producing the polarographic effect 
cannot be as simple as cystine, and on the other hand, also not so 
complex as a protein molecule. 

Literature: 

*) J. Pines: Collection, 1929, /. 429. 

2 ) R. Brdioka: Collection. 1931. 3, 390, 

3 ) R. Brdicka: Collection, 1930, 2, 489. 

*) K. Gawalowski and B. Oosman: Bull. Inter, dr VArad. des Sr. d< 
Bohfme, 1932. 33. 

5 ) F. Kories and A. Vancura: ibid. In print. 

•) J. Heyrovsky and J. Babicka: Collection, 1930, 2, 370. 

J. Hoyrovsky and J. Babicka: Chem. News, 1930, 141. 369, 385. 

7 ) J. Heyrovsky and N. V. Emelianova: Trans. Farad. Soc. 1928, 24, 257. 

8 ) K. Kondo and T. Hay ash i: Bull. Chem. Soc. Japan, 1928, 3, 146. 

•) K. Kondo and T. Hayashi: Memoirs Cod. Ayri. Kyoto Imp. Univ. 
1926, No 2, Art. 2. 

w ) H. Schorn: Biochem. Z. 1928, 199, 459. 

u ) A. Benediccnti and (J. B. Bonino: Arch. Sc. Biol. (Italy), 1926, 8. 241. 

12 ) (3. B. Bonino and M. Bottini: ibid. 1926, 8, 248. 

13 ) (1. B. Bonino and A. Grandi: ibid. 1926, 8, 258, 277, 289. 

14 ) (3. B. Bonino and A. Garello: ibid. 1927, 10, 51. 

1& ) (1. B. Bonino and A*. Garello: ibid. 1928, 11, 212, 217. 

ie ) 0. V. Sraythc and C. L. A. Schmidt: J . Biol. Chem. 1930, 88, 241. 



SDH LE DOSAGE AKGENTOMf7fRIQl E 1)1 MTHOPKDSKIATE 

\mr 0. TOMff’KK ct Z. RKKTOft/K. 


Dans une communication anterieure 1 ) il a ete montre que leproduit 
ionique du nitroprussiate mercurique parait ctre de l’ordre de 10~ M 
jusqiFa 1(V 10 et que, par consequent, on peut titrer Pion nitroprussiate 
en solution aqueuse, tant neutre que aeidulee par Facide azotique. 
au moyen de Fazotate mercurique si Fon se sert dun dispositif 
potentiometrique pour determiner le point d equivalence. Dans le 
meme travail, on a donne Fexplication de la fin de reaction, comme 
aussi des phenomenes qui Faceompagnent lors du titrage mercuri- 
m6trique visuol des ehlorures, bromures et cyanures imagine et mis 
a point par E. Votofiek 2 ) et generalement adopte de nos jours. 3 ) 

Lorsque, plus tard, nous avons etudie la solubilite d’autres nitroprus- 
siates, nous avons constate que le nitroprussiate d’argent Ag 2 Fe(CN) h N() 
est si peu soluble dans Feau que la reaction 

2A<f i \FiiCN),X()\" A< h [Fe(CX),N()\ 

se prete au titrage argentimetrique des nitroprussiates. 

Les mesures en question out montre que le produit ionique 
[v4(/*] 2 . \Fe((1N) b NO"] 7-8 x 10~ 13 a 18°, eest-a-dire qu'en solution 

aqueuse saturee de ee sel la concentration [Ag'] est environ 2*5 xlO~" r ’ 
a 18°. Cette valour se rapproche sensiblement de la concentration en ion 
Ag d’une solution de chlorure d'argent dans les memes conditions. 

Les faits observes par I. M. Kolthoff 4 ) lors du dosage conducto- 
metriquede Fargent au moyen du nitroprussiate de sodium permettentde 
supposer que la reaction s’accomplit effectivement suivant le schema 
signal^ plus haut, c’est-a-dire sans etre trouble par la formation de 
complexes. 

Jusqu'ii present, les sels d argent n’ont ete appliques au dosage ni 
visuel ni potentiometrique de Fion nitroprussiate. L etude de ce pro- 
bifeme fait Fobjet du present travail. 
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Parti© experimental©. 

1. Le dispositif potentiometrique employ^ a deja ete decrit dans cette 
Collection . 6 ) Tci encore l’electrode indicatrice a £t£ constitute par une 
lame d’argent soudee a im fil de platine entourt d’un tube de verre. 
Le circuit de conduction etait mtnagt par un siphon garni d’une 
solution a 5% d’azotate d’ammonium exempt de chlore, Ttlectrode 
de cornparaison etait formee par une electrode k calomel saturte. 

Uomme liqueur de titrage nous employions une solution de AgNO% 
Nj 10 preparee au moyen d’azotate d’argent ctalonne par rapport k un 
]>oids exactement connu de chlorure de sodium fondu. Les autres 
liqueurs necessaires (KBr, K1 , NH 4 SCN) etaient sensiblement Nf 10. 
leur titre a tte determine potentiometriquement au moyen de la solu¬ 
tion d’azotate d ’argent signalee plus haut. 

Apres certaines experiences proalables, un soin particulier a etc 
apporte au nitroprussiate de sodium et a ses solutions. Dans les premiers 
essais on avait, en effet, o[)tre sur des solutions d’un nitroprussiate 
pur du commerce. Les chiffresobtenus par titrage repondaient reguliere- 
ment k une consummation de AgNO. } AV10 plus faible que eelle 
calculee. L’echantillon de nitroj)russiate etait constitue par le sel dihy¬ 
drate, ainsi qu’il a etc constate par la mesure de sa deshydratation dans 
I’appareil enregistreur automatique 6 ) de S. Skramovsky.*) Une ana¬ 
lyse soignee revela que le sel renfermait une proportion notable de nitro¬ 
prussiate de potassium (14*36°/ 0 ). Point besoin d’ajouter que le nitroprus¬ 
siate employe dans les dosages definitifs etait exempt de cette impurete. 

L’etude de la deshydratation du nitroprussiate de sodium dihydrate 
montre que le sel est relativement stable a la temperature du labora- 
toire (20°), sous la pression courante (730—750 mm) et k Phumidite 
relative d’environ 40%. line deshydratation lente a lieu seulement ala 
temperature de 100°. 

Les essais definitifs ont etc effectues en se servant d’un nitroprussiate 
de sodium de composition exacte, exempt de potassium (produit Merck 
pro analysi). Le sel a 6te conserve, a l’etat pulverise, en vase clos. 
I^es solutions etalons ont 6t6 pr^parees en dissolvant 14*8951 gr de sel 
dans Peau et en ramenant a 1 litre. Une telle liqueur maintient son 
titre pendant 1 mois, k condition qu’on la conserve en vase de verre 
fonc£ ou au moins dans un endroit obscur. Malgr6 cela, cliaque s6rie 
de titrages a et£ faite avec une solution fralchement prepare. — Les 

*) Ces rnosures ont et6 faites par M. Skrainovsky ce dont nous 

lc rem ere ions vivement. 
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autres reactifs employes avaient la purete courante, la verrerie jaugee 
et graduee a 6t6 verifiee par calibrage. 


2. Produit ionique du nitroprussiate d'argent. 

Des solutions equimoleculaires de nitroprussiate de sodium pur d’une 
part et d’azotate d’argent d’autre part ont etc melanges en rapport 
calculi, agitees, puis abandonnees au repos. Le precipite brun rose 
a ete recueilli sur un liltre de verre epais, lave plusieurs fois par de 
Teau distillee, transvase a l’etat humide dans un ballon conique, puis 
agite soigneusement avec de l ean distillee. Le tout a ete abandonne 
au repos dans un endroit obscur. Avec la solution saturee de nitro¬ 
prussiate d’argent ainsi obtenue on a mesure potentiometriquement 
la force electromotrice d’une pile constitute par une electrode d’argent 
plongee dans la suspension et reliee a une electrode de calomel. 
Sur la memo suspension fortement agittc, la mesure a oil repetee 
apres plusieurs heures. Kile a niontre que les potentiels observes sont 
tres constants. 

A l aide des valeurs obtenues qui, pour line seric de mesurcs operees 
a IS 0 variaient de 0*2845 a 0-2855, ce qui repond a une moyenne de 
0*2840 volts, on pent ealculer par Liquation de Nernst la concentration 
en ions argent dans une solution saturte de Ag 2 Fe(VS) h NO et le 
produit ionique eorrespondant. On a en effet: 

E E„ i- 0-0577 log \A</~\ a 18° log \Ag] ^ 


'>’• t>A„ 


log !.!(/•] - 


E t) E 
<»*Oi>77 


(I-8000 — E 
0-7)577 


oil K designe la force electromotrice mesuree, rapportee a Lelect rode 
d ’hydrogene norm ale. 

La valeur moyenne (0*2840 volts) mesuree par rapport a l electrode 
de calomel saturee correspond a 0*2840 -f 0*2504 0*5344 volts. 

On a alors 


0*8000 - 0*5344 


'An 


0-0577 


0-2656 
0 0577 


4*60 


Ag ) - 2-5 x 10 


Si done, pour une solution saturee a 18° de nitroprussiate d’argent 
la concentration en Ag est egale a 2*5x10 *\ quand V<> [ Ag ] 

- lFe(CN)tNO"l on a pour le produit ionique fAg'f . | Fe(CN) 5 NO" 1 - 
YAAgf - 7*8 x 10~~ 13 . 

La concentration en Ag' dans une solution saturee de Ag( 7 etant 
1-05 x 10—5 dans les conditions signalees, on voit que la solubility des 
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deux sels est tres voisine, ainsi que cela ressort d’ailleurs de la maniere 
dont se comportent les ions CV et nitroprussiate lors du titrage annui¬ 
tant par Fazotate d'argent. 

3. Titrage potentiometrique du nitroprussiate. 

A moins dedication contraire, les titrages etaient operees de la 
maniere suivante: 20*00 cc de liqueur titree etaient dilutes avec de 
Feau an volume de 100 a 150 c<\ apres quoi on titrait soit directement, 
soit apres acidulation par Facide azotique, au moyen d’une solution 
sensiblement deeinormale d’azotate d’argent, en ayant soil) d’agiter 
energiquement a Faide d’un petit moteur tlectrique. 

La marche du titrage est tout a fait normale. Le liquide se trouble, 
desle debut, par le nitroprussiate d'argent d’abord colloidal, coagulant 
plus tard, de couleur brun rose. La variation brusque du potentiel, 
bien que pas trop considerable, est tres nette. Le potentiel d’inflexion 
se trouve indifferemment pour une solution neutre ou moderement 
acidulte par Facide azotique a 0-280 volts environ (par rapport a 
Felectrode dc calomel saturee). L’allure du titrage rappelle beaucoup 
le titrage argentometrique de Fion chlore. Cela ressort de Fexemple 
joint (essai 1) et du tableau T, donnant une serie de rcsultats compl&te- 
ment d'accord avec les chiffres qu’exige Fequation donnee plus haut. 

Ainsi qu’on pouvait s’y attendre d'apres Fanalogie avec les chlorures. 
Fion nitroprussiate se laisse titrer exactenient par le procede potentio¬ 
metrique en presence des ions iode, brorae et rhodane dans les conditions 
qu'on observe dans le titrage de ces ions en presence des chlorures. 7 ) 

11 est prtcipitt en commun avec Fion chlore. mais la consommation 
totale est exactement egale a la somme des consommations partielles 
des deux reactifs (voir Fessai 6 du tableau I). Lorsqu'on opere le 
titrage en presence de bromure, on fait bien d'a j outer une solution 
saturee d’azotatc de baryun). On peut egalement titrer en presence 
d’acide sulfureux. ainsi que cela a et-e prouvt pour les autres halogt- 
nures. 8 ) (Voir le tableau I, page 133.) 

Le dosage inverse, c’esi-a-dire le titrage potentiom ttriq ue des ions 
A(f par une solution de nitroprussiate de sodium, a, lui aussi, une marche 
tout a fait reguliere; ici encore on obtient des chiffres exacts tant en 
solutions neutres qu’en celles acidulees par I’acide azotique. Le poten¬ 
tiel d’inflexion est le meine que pour le titrage argentometrique de 
Fion nitroprussiate. 

Exemple: 20*00 cc de AgNO 3 Nj 10 out consomme reapertivement 
19*98, 20*00, 20*02 cc de Na 2 Fe(CN%NO . 2///> A T /10. 
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Tablea 


Essai 

No 

itm a on cc 

JV/10 on cc 

H t O 

on cc 

1 . 

2000 

— 

80 

2. 

20-00 


80 

3. 

20-00 


70 

4. 

20-00 


70 

r>. 

20-00 

— - 

70 

0. 

10-00 

10-00 

80 



0*1 n Nad 


7. 

20-00 

20-00 

0-1 n KBr 

00 

8. 

20-00 

20*00 

0*1 // KBr 

20 

9. 

20-00 

20-00 

0-1 n NIIjCNH * 

10. 

20-00 

20-00 

0-1 n KI 

00 


i I. 

Consommation 

de AgNO :i Note 

0-1 n en cc 

19*98 

2002 

19- 98 r 10 cc de HN0 9 dil. 

20- 00 , 10 cede CH s C()OH di\ 

20-02 } 2 gr de Na 2 $() :i 

20-04 f 10 cc de H 2 SO a dil. 

) 20-14 
I 19-90 

f 20*00 [ 40 cc d’une sol. 

I 19*98 satiiree de Ba(NO ?l ) 2 
f 20*02 
1 20-04 



Essai No 1. 

20*00 cc 0*1 a Na 2 Fe(CN) b NO . Hip : 80 cc de IIJ). 
cc de AgN0 3 0*1 n *r milivolts l.*r IA a 

O ) 185 


10 

190 


18 

217 


19 

220 

10 

19-50 

228 

00 

19-70 

240 

80 

19-80 

248 

110 

19-90 

259 

220 

19-95 

270 

540 

20-00 

297 

340 

20-05 

314 

180 

20-10 

325 




75 

20-50 

355 


21-00 

390 



Maximum: 19-98 cc de AgNO 3 0*1 n. 

*) On a t-itrtf lea traces de St' aeeompagnant 1’iodure. \ oir a ce sujet la 
Collection 1929, 7, 443. 
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4. Titrage visuel du nitroprussiate. 

Le produit ionique du nitroprussiate d’argent et Failure du titrage 
potentiom6trique permet de supposer que l’ion nitroprussiate se lais- 
serait titrer argentometriquement en milieu neutre suivant le pro- 
c6d£ Mohr, en liqueur neutre ou meme acide, en employant des 
indicateurs d'adsorption, suivant le principe de Fajans et, enfin, en 
milieu acide, il est vrai apres filtration prealable seulement, suivant la 
methode de Volhard. 

Nous nous sommes assures que parmi les divers indicateurs d’adsorp¬ 
tion (fluoresceine, cosine, diphenylamine) aucun n’indique la fin du 
titrage. Dans le titrage suivant Mohr cest surtout la teinte brun rose 
du precipite et sa nature colloldale qui genent. Le virage du liquide 
au-dessus du precipite, dii a la formation du chromate d’argent, 
apparait avec un retard prononce meme lorsque l’eclairage pendant 
l’essai est excellent. Le dit retard se manifeste par une consommation 
d’azotate d’argent depassant de 1 a 2% celle qu’on calcule: une 
concentration trop elevee de meme qu’une dilution excessive nuisent 
Tune et Fautre a la precision des r&mltats. Meme dans les conditions 
les plus favorables le virage manque de nettet£. Le tableau qui suit 
resume les chiffres obtenus dans ces titrages: 


Tableau II. 


Essai 

No. 

Na. £ Fe(CN),NO KfirO, 
0*1 n en cc u 5 % 

Kau 

1 distilleo 

Conwommation 

(U'AgNO n ()lri 

Jfieart 
on °L 

Note 

1. 

20*00 

1 cc 

on cc 

on cc 

20*28 

M*4 V r irage peu net 

2 . 

20*00 

1 cc 

30 

20*20 

H - l -3 


3 . 

20*00 

1 <T 

80 

20*30 

-t 1-5 


4. 

20*00 

2 cc 

180 

20*20 

+ 1-3 


r>. 

20*00 

3 cc 

180 

20 * 30 

fl -5 

indistinct 

0 . 

10*00 

1 cc 

10 

10*10 

fl« 


7. 

5*00 

1 cc 

15 

5*08 

fir. 

un peu plus net 

S. 

5*00 

2 cc 

40 

5*00 

- 1 - 1-2 

net 

Pour effectuer le titrage 

visuel (lu nitroprussiate, le mieux est d’em- 


ployer le precede Volhard, c’est-a-dirc d'a j outer 4 une solution 
acidulee par Facide azotique un exe&s coimu d’azotate d’argent, de 
ramener k un volume connu, d’abandonner le liquide au repos (aprfes 
agitation prealable) et de filtrer par un disque de verre k filtrer ou 
par un filtre de papier suffisamment epais. Dans une partie aliquote 
du filtrat limpide on determine 1’argent non consomm6 par titrage au 
rhodanure d’ammonium Nl 10 avec Falun de fer comme indicateur. 
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Exemple: 20*00 cc de Na%Fe(GN) 5 N (). 2 H 2 0 N /10 ont ete acidul£s par 
//A t 0 3 , puis pr&sipit&s par 50*00 cc de AgN0 2 N/ 10. 

En ballon jauge, on a ramene le volume a 100 cc, et filtre. 50 cc de 
filtrat limpide ont consomme 15*02 cc de rhodanure d’ammonium 2V10. 

Resume. 

1. Le produit ionique du nitroprussiate d'argent | Ag ] 1 . f Fe(CN) 6 NO"] 
est egal k 7*8 x 10~ 13 . La concentration en ions Ay dans line solu¬ 
tion saturee de ce sel est do 2*5 x 10~ 5 . La solubilite du nitroprussiate 
d'argent se rapproche done de celle du chlorure d'argent. 

2. Le titrage potentiometrique de l’ion nitropmssiate par Pazotate 
d’argent suit exactement Pequation: 

2 Ay I* f Fe(CN) h S()\” . Ag 2 Fe(('X) h XO, 

que Pon verse la solution argentique dans celle de nitroprussiate ou 
inversement. On peut titrer le nitroprussiate en presence de bromures, 
rhodanures ou iodures et simultanOnent avec les chlorures. 

3. Le titrage visuel d’un nitroprussiate soluble peut etre fait exacte- 
inent si Ton se sert du procede V 7 olhard. Le titrage selon Mohr est 
bien possible, mais le virage signalant la fin de la reaction manque de 
netteto. 

Peru en feerier 1933. 

Insiitut de Chimie analytigue 
de 1' V nicer site Charles a Prague 
( Tchecoslovaquie). 
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ESTIMATION OF TUNGSTEN BT MEANS 
OF o HYOMOXlQUINOLINE IN A COMPLEX OXALATE MEDIUM 

by A, JfLEK and A. KYSANKK. 

Tn endeavouring to find a more convenient method for separating 
tungsten from tin the present authors investigated the behaviour of 
both these elements in the highest valency state towards o- hydro- 
xyquinoline in different media. As is known, already R. Berger and 
others have used this reagent for estimating Cu\ Cd>\ Zri\ Mg'\ 
Fe\ Ft\ Bir\ Al”\ Mri\ Ni\ Co \ MoO\ i T%~ etc. It was found 
that both elements mentioned in their highest valency state are not 
precipitated by the reagent in question from an aqueous solution con¬ 
taining a mineral acid. From an approximately neutral solution con¬ 
taining ammonium acetate tungsten is precipitated, a stannic salt, 
however, is hydrolyzed simultaneously, forming an insoluble product. 
If to a solution of stannic salt, or of a tungstate, ammonium or alkali 
tartrate is added, only tungsten is precipitated by o-hydroxyquino- 
line. However, this separation of tungsten is not quantitative. When 
ammonium oxalate is used instead of a tartrate, tungsten is precipit¬ 
ated quantitatively, all the tin remaining in solution. 

Because in the literature accessible to us no data were found con¬ 
cerning estimation of tungsten by means of o-hydroxyquinoline, we 
investigated first the exact conditions of a quantitative precipitation 
of tungsten in an oxalate medium, paying at the same time due regard 
to the influence of alkali salts and the acidity of the solution. The 
separation of tungsten from tin by means of o-hydroxyquinoline in 
an oxalate medium is still under investigation. The following summary 
is a result of the first part of our study. 

The experiments were made with de Haen's sodium tungstate pur. 
crist. the titre of which had been determined by known methods. 

In 25 cos of the standard solution 107*5 mgsoi W (mean of 4 estim¬ 
ations) were found with mercurous nitrate, 107*4 mgs of W (mean 
of 3 estimations) by evaporating with nitric acid, and 107*4 mgs of W 
(mean of 3 estimations) with benzidine hydrochloride according to 
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K nor re. The following procedure was found to be the most conve¬ 
nient one for estimating tungsten by means of the o-hydroxyquinoline. 

To a tungstate solution containing at most about 0*1 gr of W 5 grs 
of oxalic acid p. a. (giving no weighable residue on combustion) arc 
added together with 5 grs of ammonium acetate p. a.; the solution 
is diluted with water to 150 200 ccs neutralized with dilute ammonia, 

using methyl red as indicator, heated to 60 —( i and precipitated 
with 2 cc of the reagent containing 20 grs of o-hydroxyquinoline in 
50 cc of glacial acetic acid, whereupon it is left standing at this tem¬ 
perature for 1—2 hours. For a quantitative separation a three- to 
fourfold excess of the reagent is necessary. When the solution has 
become clear, the yellow, amorphous, but easily filterable precipitate 
is filtered off, using Schleicher and Schull s filter (blue band), washed 
with dilute ammonia neutralized in presence of methyl red b\ a hot 
solution containing 5 grs of oxalic acid and 5 grs of ammonium ace¬ 
tate, to which 1 cc of the precipitating reagent as prepared above 
had been added, and afterwards with cold water. The total volume 
of the c ashing liquids is about 300 cc. The washed precipitate is dried, 
the filter is burned carefully with addition of oxalic* acid and the 
precipitate ignited at 800° C to constant weight as WO^. 

It was ascertained by analysis that the deposit formed in the way 
described above contains about two molecules of o-hydroxyquinoline 
to one molecule of tungsten trioxide. Because the precipitate retains 
a greater amount of the hydroxyquinoline which cannot be washed 
out with water, it is unsuitable for a quantitative estimation of tungsten 
as such, if dried only to 100—130° C. The results found in observing 


the directions given above are summarized in Table \. 

Table I. 

Found 

Taken mgs 11’ mgs WO 3 mgs IF Difference mgs IF 

107*5 135*3 107*35 — 0*15 

135*2 107*3 — 0*2 

135*7 107*65 r 0*15 

135*7 107*65 i 0*15 

21*5 26*8 21*25 — 0 25 

27*3 21*65 {* 0*15 

1*72 2*2 1*75 r 0*03 

2*2 1*75 + 0*03 

0*7 0*55 + 0*12 

0*4 0*32 — OH 


0*43 
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From these results it is apparent that the method is suitable even 
for very small amounts of tungsten. 

Table II shows the influence of alkali salts. 

Table II. 

Taken Found Difference 


mgs W 

mgs TF0 3 

mgs W 

mgs W 

Note 

107*47 

135*7 

107*02 

f 015 

15 cc of cone, nitric acid 
neutralized by potas¬ 
sium hydroxide. 

85*97 

108*3 

85*74 

- 0 23 

15 cc of cone, sulphuric 
acid neutr. by KOH . 

04*48 

81*4 

04*50 

-J- 0-08 

10 grs of sodium chloride. 

21*49 

27*0 

21*41 

— 0-08 

10 grs of sodium chloride. 


It is seen that the presence of even greater amounts of alkali salts 
of mineral acids has no influence on the results. 

However, the reaction of the solution has a considerable influence, 
because the results are lowered to a marked degree by addition of 
a greater amount of acetic acid, as is apparent from Table TII. 


Table 111. 


Acetic 

acid 

cc 

Taken 
mgs W 

Found 

mgs WO a mgs W 

Difference* 
mgs W 

% O' 

Note 

15 

108*2 

1310 

104-0 

— 3*0 

06-68 


0 

108*2 

133-8 

106-1 

2*1 

98-07 

Volume 

3 

108*2 

134-1 

106-3 

- 1*9 

08-30 

500 cc. 

l 

108*2 

135-1 

107-2 

- 1*0 

00-02 



The precipitate separated from a stronger acetic acid medium has 
also a more crystalline character because of its greater solubility in 
this environment. Also more strongly alkaline solutions dissolve the 
precipitate distinctly. 

Institute of Analytical Chemistry 
of the Geski vysoke uceni technicM , Brno. 


ERRATA. 

Bans le travail de 

S. Landa et V. Madhafiek: Sur Ladamantane, nouvel hydro- 
carbure extrait du naphte (p. 1, No. 1, ann^e V.) 

au lieu de lire 

Ullrich, Debay-Scherer Ulrich, Debye-Scherrer. 



CONTRIBUTION AU DOSAGE COLORIMETRIQUE DES AZOTITES 

DANS LES EAUX 


par R. I’ZEL. 


Parmi los m6thodes proposees au dosage colorimetrique des azotites 
dans les eaux, notamment potables et minerales, on se Bert le plus 
souvent de cclle de Griess modifiee par llosvay et Lunge. 1 ) Ruivant 
ce precede on ajoute k 20—50 cc d’eau k analyser 1 / l0 de volume de 
reactif (0-1 gr d’n-naphtylamine et OS^rd’acide sulfanilique dans 300ce 
d’acide acetique etendu, le plus souvent k 30%), et l’on compare 
la coloration rouge violet, produite en presence d’azotites, aveo imo 
coloration etalon. 

Pour qu’il y ait formation de sel diazoique et de colorant azo'ique, il 
faut que le liquide reactionnel soit aeide. Dans le precede primitif, 
Griess acidula par l’acide sulfurique. llosvay montra que la reaction 
devient plus sensible lorsque les acides sulfurique ou chlorhydrique 
sont remplae^s par 1’acide acetique. Cela est corrobore par le travail 
de Reckleben, Lockemann et Eckardt*) qui observent que la 
presence d’acide azotique rabaisse la vitesse de la reaction et E intensity 
de la coloration. 11 en ressort qu’une acidity faible est favorable k la 
sensibility de la reaction. 

D’autre part, les experiences acquises a notre laboratoire ont montre 
que 1’acidite du melange reactionnel ne doit pas non plus etre trop faible 
si l’on veut que la reaction des azotites reste suffisamment sensible ou 
raeme qu’elle apparaisse. Des eaux 4 alcalinite un peu considerable 
et renfermant des azotites ne donnaient avec le reactif Ilosvay-Lunge 
pas ou presque pas de coloration si Eon procedait suivant la methode 
indiquee. Ce n’est qu’apres addition d’une quantity plus forte d’acide 
acetique que la reaction apparut et qu’on put la comparer avec un 
fessai de contr&e execute k l’aide de la m-phenyiynediamine 8 ) ou du 
reactif naphtolique. 4 ) 

II est done evident que la reaction de Griess n’est sensible qu’entre 
certaines limites de concentration en ions hydrogene du milieu re~ 

10 
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actionnel. J’ai juge n6cessaire de determiner ees limites et de ehercher 
les conditions optimum de la reaction, 

A cet effet j’ai prepare des solutions tampons suivant Clark et 
Luba, comme elles sont indiquees dans l'ouvrage de Kolthoff, 6 ) et 
cela pour des pu allant de 10° k 6*0° et differant les unes des autres 
de 0*2. Le controle des p 1{ etait op6r6 au moyen du comparateur 
Hellige k disques tournants. A des volumes egaux de solutions tam¬ 
pons repartis dans des tubes a essais on a ajoute des volumes egaux 
d’azotite de sodium, puis */io de volume d’un r6actif obtenu en dissolvant 
0*1 gr d’a-naphtylamine et 05 gr d’acide sulfanilique (produits Kahl- 
baum pour analyse) dans 300 cc d'eau. Le reaetif ainsi prepare pre- 
sente pu =3*0 et, ainsi que j’ai pu le constater, ne produit aucune 
variation sensible de l’acidite des solutions tampons. 

Je poursuivis, apres cela, Failure reactionnelle des diverses solutions. 

Par une serie d’essais, dans lesquels j’ai mis en ceuvre 5 cc de solution 
tampon, 0*5 cc de reaetif et 0*1 cc d’une solution d’azotite de sodium 
correspondant a 0*1—1*0 cc y (1 y =0*001 mgr) de N 2 0 3 , ce qui fait 
approximativement 0*02- 0*2 mgr de N 2 0 3 par litre, j’ai etabli que 
les limites du pu pour la sensibility et la vitesse maximum sont reguliere- 
ment comprises entre 2*6 et 2*8, done dans des limites assez ytroites. 
Au-dessus et au-dessous dont de cette liinite la sensibility de la re¬ 
action diminue presque dans la meme mesure. 

En employ ant 1 y de N 2 0 3 la reaction apparait le plus tot chez les 
solutions dont le pu varie de 2*6 k 2*8, e’est-a-dire, a la temperature du 
laboratoire, au bout d’une minute environ. Peu k peu elle se fait sontir 
aussi chez les solutions a pu inferieur ou superieur; apres 10 minutes 
elle devient visible entre les limites pu = 1*0—4*0°. Apres 8 / 4 d’heures 
d’attente une faction tres faible apparait meme pour les valeurs limites 
de pu = 1*2—4*2. Le maximum de coloration pour les valeurs pu =■ 
2*6—2*8 reste tres marque. Deux solutions a p n ygal de 2*2 mais de 
composition differente (l’une renfermant le tampon HCl — KCl, l’autre 
HCl et du biphtalate de potassium) pr^sentent la meme intensity de 
coloration. On voit que la sensibilite de la reaction dypend uniquement 
du pu de la solution. 

J’ai ensuite determiny le p H d’une solution obtenue par melange du 
reaetif Ilosvay-Lunge (prepare par dissolution des corps signales dans 
de l’acide acytique 2 n) avec de l’eau distiliye dans le rapport 1: 10, 
tel qu’il existe dans la pryparation des solutions types; la valeur de 
pu est ici 2*6, elle est done optimum. Si, toutefois, le dosage colon- 
mytrique doit presenter la prycision voulue, il est indispensable que 
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1© Ph du liquide examine soit approximativement le meme que pour 
la solution type, fividemment on ne saurait l’obtenir toujours par 
simple melange de l’eau et du reactif, surtout lorsque l’eau presente 
une afcalinit^ bicarbonate© un peu considerable. Dans ce cas, on 
determine d’abord l’alcalinite de l’eau par titrage a l’acide chlorhy- 
drique en presence de jaune methyle, puis on neutralise l'eau examinee 
par le volume necessaire du dit acide, on ajoute 1% de la quantite 
totale d’acide acetique et 10% de reactif prepare en dissolvant 0*1 gr 
d’a-naphtylamine et 0*5 gr d'acide sulfanilique dans 300 cc d’eau. Cette 
solution aqueuse est, elle aussi, stable, de meme que la solution dans 
racide acetique dilue. On dilue les solutions types de maniere qu’elles 
renferment environ 1% d’acide acetique, et, apres avoir ajoute le 
reactif, on procede suivant les indications de la litterature. 

Dans le calcul il faut evidemment tenir compte de la dilution du 
liquide due aux acides ajout^s. 

L’acide acetique convient moins a la neutralisation de l'eau, parce 
que la quantity ulterieure d’acide necessaire a obtenir le p I{ optimum 
depend de la concentration des acetates formes par la neutralisation. 

Un autre essai a ete fait avec une eau minerale (Vincentka de 
Luhadovice). 100 cc de eette eau out consomme a la neutralisation 
(indicateur jaune methyle) 14*0 cc de HCl nf 2. L’eau ne contenait pas 
d’azotites. L’un des echantillons a ete neutralise par une quantite de¬ 
termine© d'acide chlorhydrique, les autres 5 echantillons par la quan¬ 
tity equivalente d'acide acetique. A l’echantillon n° 1 on a ajoute 1% 
d’acide acetique, aux autres echantillons respeetivement 8, 6, 3*1 et 
0*5 de meme acide, apres quoi on a determine le pn de ces diverses 
solutions. Pour les deux premieres il est presque egal, soit 2*8, pour 
les autres respeetivement 3*0, 3*4, 3*8 et 4*2. A 50 cc de chacune de 
ces solutions on a ajoute une quantite egale d’azotite repondant 
k 0*015 gr de N 2 O z (soit 0*3 mgr par litre) et 5 cc de reactif Ilosvay 
en solution aqueuse. La solution etalon a etc preparee par addition 
de la meme quantite d'azotite et de reactif a 50 cc d’acide acetique 
k 1 %. Les petits cylindres ont ete plonges dans l’eau de 70° pour 5 mi¬ 
nutes, apr&s quoi les solutions ont ete comparees avec la solution etalon 
au colorimetre de Dubosq. L’une et l’autre solutions a pn = 2*8 ont 
revile la meme teneur en A r 2 0 3 que la solution etalon, celle a pn --- 3*0 
en a r4v61e 2% en moins, celle a pn = 3*4 meme 10% en moins. 
Quant aux solutions ulterieures (de pu = 3*8 et 4*2), il a ete impossible 
de les comparer colorim^triquement avec la liqueur etalon, parce que 
la coloration £tait trop faible (a peine aperceptible pour la deuxieme) 


10 * 
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et parce que la nuance differait nettement de celle de la liqueur 
etalon. Get essai s’accorde done avec ce qui a ete trouve auparavant. 

Resume: 

La reaction de Griess des azotites servant a leur dosage colorim^trique 
dans les eaux depend & un degre considerable de la concentration en 
ions H' du liquide reactionnel. L’optimum de sensibility est pourp# — 2-6 
a 2-8. Dans les dosages exacts il faut que la solution k examiner et 
le liquide type aient le meme pu . 


institut de Ckimie analytique 
a V University Charles Prague 
( TcMcoslomquie ). 
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EMPL01 1)E L’ACIDE SALICYLIQUE COMME 
ETALON ACIDIMfiTRIQUE 

par S. SKRAMOVSKV. 

Les qualites exigees d’un etalon titrimetrique sont levs suivantes: 1. II 
doit eonstituer une espece chimique exactement dofinie, pour qu’il soit 
possible de le preparer a Petat de purete garantie, 2. il doit presenter 
une stability suffisantc. 

L'acide oxalique employe en acidimetrie est bien un corps parfaite- 
ment dofini, mais sa preparation ne donne ])as ])leine garantie de 
sa purete, vu que e'est un corps cjui se separe de ses solutions aqueuses 
avec 2 mol. d'cau et peut, par consequent, retenir des eaux meres 
dans ses cristaux. Outre cela, bien qn il soit assez stable a la tempe¬ 
rature ordinaire, il ne saurait etre debarrasse des traces d’humidite 
par chauffage ou par un s£jour au dessiccateur, sans qu’il perde un 
])eu de son eau de cristallisation. Sous ce rapport, les corps capables 
d etre sublimes presentent un avantage considerable, car on peut les 
obtenir a Petat de purete garantie. Parmi ces etalons ce sont surtout 
les acides benzoique et salicylique qui entrent en ligne de compte. 

L’acide benzoique sublime est aujourd’hui fabrique industriellement 
a Petat tres pur pour servir d’etalon calorimetrique; il a meme deja 
et6 utilise comme etalon acidimetrique. 

Quant a Paeide salicylique, on peut tfgalement Pavoir a Petat de 
purete garantie. 

L’un et l'autre acides se laissent aisement sublimer sans decomposi¬ 
tion et quand ils sont en gros cristaux, ils sont tout a fait stables 
k Pair. En effet, e’est seulement la forme volumineuse qui attire Phumi- 
dite atmospherique. 

Les fabriques de produits chimiques de Kolfn pr6s de Prague 
(Akciove lufiebnl tovarny v Kolme) ont eu Pamabilite de preparer pour 
mes recherches de Pacide salicylique en gros cristaux et a l’^tat de 
purete absolue. Des essais de controle ont montr£ que le produit 
n’attire pas du tout Phumidit6 de Pair. 
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L’acide salicylique presente en outre l'avantage de possEder un Equi¬ 
valent relativement ElevE, ce qui entre en ligne de compte notamment 
dans les laboratoires munis de balances moins sensibles comme c’est 
sou vent le cas dans les laboratoires des pharmacies (sensibilite pres- 
crite de 1 mg pour une charge 50 gr). L’acide salicylique est enfin un 
produit officinal dont la purete est suffisamment vErifiEe par les essais 
presents par la pharmacopEe. 

Le seul inconvEnient de Tacide salicylique est sa faible solubilitE dans 
I’eau, ce qui oblige k opErer les titrages en solution hydroalcoolique. 
Mes essais ont d’ailleurs dEmontrE qu’il suffit d’une quantitE d’alcool 
minimum pour le dissoudre et que les eristaux Eventuellement sEparEs 
lors de 1’addition de l’alcali aqueux sont suffisamment fins pour rentrer 
en solution avec la plus grande facility. Une dose d’alcool un peu forte 
serait nuisible, car elle ferait varier la sensibilitE de l’indicateur HEe 
a la constante de dissociation des acides et bases correspondants. La 
propre aciditE de l’alcool mis en oeuvre est nEgligeable. 

Partie experimentale. 

Vu que les trois Etalons compares, les acides oxalique, benzoique et 
salicylique, prEsentent tous un haut degre de purete, il Etait Evident 
que des consummations considerables en liqueurs titrEes seraient ne- 
ccssaires pour etablir d une maniere sure les Ecarts entre les divers 
titrages. A cet effet, je me suis servi d une burette munie d un reservoir 
sphErique de 90 cc de capacitE. Le rEservoir Etait lie a son bout infE- 
rieur a une courte burette a divisions allant de 90 a 100° et a bee 
deeoulement tres fin. Cet arrangement permettait d’Eliminer les 
erreurs dues k ladhEsion des liqueurs aux parois des burettes longues 
laquelle empecherait le mEnisque de se fixer rapidement. Grace a cela, 
meme pour des consommations de 100 cc environ les lectures ont EtE 
faites avec une prEcision de 1 / 100 de cc. La burette a EtE exactement 
jaugee au moyen d’eau. Tous les titrages Etaient opErEes dans les 
memes conditions et pour une meme vitesse d ecoulement. 

La liqueur dEcinormale de potasse caustique a EtE dEbarrassEe de car¬ 
bonates par addition de Ba(OH ) 2 de maniere a garder un faible exces 
de celui-ci. La liqueur Etait conservee dans un vase de verre sodique 
sous une forte couche (3—5 centimetres) d’huile de paraffine. De cette 
maniere il a EtE possible de conserver notamment les solutions nj % 
d’alcali pendant de longs mois sans que le titre subit aueun changement. 

Comme substance fondamentale j’ai pris 1’acide oxalique pur 
(equivalent = 63*048) k titre indiquE de 99*85%. Sa teneur a EtE con- 
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troiee oxydimetriquement au moyen de l’oxalate de sodium pur, s^che 
d’apres Sorensen k 150°. Cet oxalate a ete consider comme pur 
100%, d’oh j’ai calculi pour mon acide oxalique une teneur de 99*935. 
Cette determination, elle aussi, a etc faite en employant la burette 
mentionnee plus haut, de sorte qu’il a ete possible de reproduire les 
valeurs obtenues a un centieme de pourcent pres. C’est par rapport 
a cet acide que j’ai etabli le titre de la soude caustique n/ 10 qui a servi 
au titrage des autres etalons. 

Uacide benzoique (equivalent — 122*048) a ete employe sous forme 
d’un produit sublime tel qu’il sert aucalibrage des bombescalorimetri- 
ques, Avant d’etre mis en ceuvre il a etc seche pendant plusieurs jours 
sur le chlorure de calcium. 

La valeur ealorimetrique indiquee etait de 0325 cal. pour 1 gr. 

Le mode operatoire etait le suivant: De 110 a 1*20 gr d’acide 
benzoique ont ete dissous dans 10 rc d’alcool. puis titres par KOH nj^ 
en presence de phenolphtaieine. Au cours du titrage on voyait appa- 
raitre de fins cristaux d’acide benzoique qui toutefois entrerent en 
solution lors des additions ulterieures d’alcali, et cela d’une maniere 
integrate, comme le prouvait la Constance de la coloration rose a la 
fin du titrage. 

Uacide salicylique (equivalent —138*048) a egalernent ete pris a 
l’etat sublime et en gros cristaux. On le conservait sur du chlorure 
de calcium. Un essai de controle a prouve que le produit est tout 
a fait stable a l’air. 


Pour le titrage, on operait comme dans le cas de 1’acide benzoique: 
1*30 gr environ d’acide salicylique, dissous dans 10 cc d’alcool, ont 
etc titres, en presence de phenolphtaieine, au moyen de KOH w/ 10 . 
Ici encore on voyait apparaitre de fins cristaux d’acide au cours du 
titrage, mais ce fait ne genait nullcment et n’infiuait pas sur le re- 
sultat du titrage. 

Outre les essais faits avec 1’acide salicylique des fabriques de Kolfa, 
d’autres experiences ont ete executees avec un produit de provenance 
etrangere. L’un et l’autre produits ont donne des resultats identiques. 

Voici, resumes en un tableau, les chiffres obtenus dans les essais 



Acide benzoique 
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Mis en trmvre 
gr: 

Acide salicylique ,,Kolm‘ k 1*3410 

13582 

Acide salicylique de 1*2734 

provenance etrangere 1*2593 

En prenant pour base le facteur obtenu par le titrage de l’acide 
oxalique (99*935%) et en le mettant egal a 1, on obtient pour les 
divers acides les ecarts suivants: 


Acide: 

Valeur: 

ficart en 

oxalique 

1*0000 


benzoique 

1*0000 

000 


1*0002 

•+ 0*02 

salicylique ,,Kolin‘* 

0-9986 

-0*14 


0*9988 

— 0*12 

salicylique de 

0*9992 

— 0*08 

provenance etrangere 

0-9989 

-Oil 


Oonsornmation 
de KOH n/10 Facteurs: 

en cc: 

96*77 1*00384 

97*99 1*00405 

91*84 1*00441 

90*85 1*00411 


Application aux solutions normales. 

Vu que dans la pratique des pharmacies on se sort frdquemment 
de solutions normales, j’ai essayed’etablir si l’aeide salicylique convien- 
drait pour la determination de dears facteurs. Malgre la quantite assez 
forte d’acide, le titrage s’effectue nettement, sans qu’il se separe des 
cristaux d’acide. La fin du titrage a la phenolphtaleine 6tait tres nette. 
Tous les titrages ont ete operes au moyen d’une burette etalonnee 
et entre les memes limites de ses divisions. 

Mode operatoire: L’acide a ete dissous dans 20 cc d’alcool et titre 
par KOH n /, en presence de phenol])htal6ine. 


Acide: 

Mis on ceuvro 
gr: 

oxalique 

1*3046 

1*8254 

salicylique 

3*0397 

,,KoHn“ 

2*5188 

Moyenne pour l’acide 
pour l’acide 


Oonsornmation 
delfOf/w/l Facteurs: 

on cc: 

21*47 0*9635 

30 10 0*9616 

22*90 0*9615 

18*93 0*9639 

oxalique: 0*9626 

salicylique: 0*9627. 
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Resum6: 

L’acide salicylique, qui est officinal et dont la purete est garantie 
par la Pharmacop^e, peut etre employe comrae etalon aeidimetrique, 
k l’6gal des acides oxalique et benzoique. 

Les facteurs de J’alcali n/ 10 obtenus en employant l’acide salicylique 
sont d’environ 010% inferieurs a ceux etablis au moyen des deux 
derniers acides, ce qui est peut-etre du a la fonction acide de l'oxhy- 
dryle phenolique; les facteurs de l’alcali tt/, 4taient identiques a 
ceux obtenus au moyen d’acide oxalique. L’acide salicylique convient 
egalement aux solutions normales et aux decinormalcs, en presence 
d’une dose limitee d’alcool comme solvant et de phenolphtaleine 
commc indicateur. 

Son equivalent relativement eleve est avantageux dans la pratique 
pharmaceutique. 

Mai mi. 

Instilul de Chimie pharmacculique 
a I’Universite Charles de Prague 
(Tchecoslomquie ). 



POL A ROOK APHIC STUDIES WITH THE DROPPING MERCURY 
KATHODE. — PART XXXII. — ACTIVATION OF HYDROGEN 
IN SULPHYDRYL GROUP OF SOME THIO-ACIDS IN COBALT 

SALT SOLUTIONS 

by R. BRDlt’K.4. 

In the preceding paper of this series (Collection p. 112.) the author 
has pointed out the analogies existing between cystine and proteins 
in their catalytic effect on hydrogen deposition at the dropping mer¬ 
cury kathode which takes place at a more positive kathode potential 
than corresponds to the normal overpotential of hydrogen at the mer¬ 
cury surface. These analogies furnished a suggestion for an investig¬ 
ation of disulphidic and sulphydryl groups. The very important 
function of these groups in the oxidation processes taking place in 
living tissues has been the object of many studies since the discovery 
of glutathione. 1 ) 

In order to establish the nature of these oxidation processes some 
authors have measured the oxidation-reduction potentials of the system 
cystine-cysteine or of their derivatives. 8 " 7 ) The aim of such studies 
was to find out to what extent the thermodynamic formulae are 
applicable, if it is assumed that at a noble electrode there exists a 
perfectly reversible equilibrium: 

2 R SH RSSR + 2 H' + 2 ©. 

(losh. Raychandhuri and Cianguli 8 ) 7 ) observed that the thermo¬ 
dynamic formula holds only for alkaline and neutral media and entirely 
fails in the case of acid solutions. They tried to explain this fact by 
assuming that for a reversible transformation RSH RSSR the 
condition of dissociation of the group SH (SH S' -f 11+) should be 
fulfilled. It follows from the measurements by Oannan and Knight 8 ) 
that this dissociation takes place only when the pj, is greater than 7. 
In this way we may also explain the characteristic differences in 
oxidation processes in alkaline and acid solutions in the presence of 
the sulphydryl group. 
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Experimental part. 

The apparatus employed in this study was the same as described 
in the authors’ preceding paper (Collection *J, p. 115). 

Reduction of cystine. 10-~ 2 molar solution of /-cystine (supplied by the 
firm Dr. Fraenkel and Dr. Landau) was prepared by dissolving it in 
10 * n ammonium chloride in 10~ 1 n ammonia solution (100 m? of this 
solution contains 0*240 g of cystine). This solution was added from 
a burette to the electrolytic vessel containing 20 ccs of a solution which 
was of the same composition as that in the burette, but without 
cystine. 

The solution was electrolyzed in a hydrogen atmosphere. After each 
addition of cystine solution from the burette to the electrolysis vessel 
a polarographic curve was registered, on which the electroreduction 
of cystine was recorded as a wave. The height of this wave is propor¬ 
tional to the concentration of cystine. By comparison with other well 
known polarographic reduction waves it was found that two electrons 
are consumed for the reduction of one cystine molecule. (The height 
of the reduction wave obtained in 10— 3 m cystine solution at l l 100 
of the galvanometer sensitivity was 30 mm.) 

It was found further, that the dependence of the reduction potential 
of cystine at the dropping mercury kathode on the p ti of the solution 
was in accordance with the usual thermodynamic formulae. Thus, 
the value of this reduction potential for a solution of 5x HH m 
cystine in normal hydrochloric acid was — 0*37 volt; and in normal 
sodium hydroxide it was — 1*15 volt from normal calomel zero. The 
difference of these values, 0*78 v., corresponds to the E. M. F. of the 
galvanic cell with half-electrodes dipping in n HCl and n NaOH 
respectively. 

The values of the reduction potentials at the dropping mercury 
kathode are usually read from the current-voltage curves at a certain 
arbitrarily chosen current intensity; these values differ from the 
equilibrium oxidation-reduction potentials observed at steady elec¬ 
trodes, because, in the latter instance, the ratio of concentrations 
in the solution is substantially different. 

It is worthy of notice, that the potential of the anodic layer of 
mercury — which acts in our electrolysis cell as an electrode of the 
second order — becomes in alkaline solution of cystine much more 
negative than one would expect for a mercury-oxide electrode. On 
the other hand, in solutions of hydrochloric acid the mercury anode 
potential is exactly the same as in the absence of cystine. These facts 
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show that in an alkaline solution of cystine the mercury anode po¬ 
tential is evidently determined by the presence of the RS' -ion; 
it is known that in solutions of sulphides the potential of the mercury 
anode becomes very negative owing to the low value of the solubility 
product of mercuric sulphide. The same phenomena were also observed 
in alkaline solutions of cysteine. Thus, the statement, that — S'-ion 
appears only in alkaline solutions, and as such acts on the potential 
of mercury, is well justified. 

Cysteine — which is the reduction product of cystine — cannot 
be further reduced at the dropping mercury kathode. 


Catalytic effects of cystine and cysteine. 

When in the preliminary experiments the normal course of the re¬ 
duction of cystine at the dropping mercury kathode had been estab¬ 
lished, attention was directed chiefly towards the investigation of 
the above-mentioned catalytic effect of cystine in the presence of 
salts of cobalt. 

As in the first investigation of this series the dependence of the 
catalytic effect on the concentration of different constituents in so¬ 
lution has been studied in detail. 

The polarographic curve*) of 2x 10 ~~‘ A n eobaltous chloride in J(H« 
ammonia in 10“ 1 n ammonium chloride solution showed only the wave 
of cobalt deposition with a steep maximum of the current (see curve 3, 
Fig. 1). When to 20 cc of this solution in the electrolysis cell 0*5 ccs 
of a solution of the same composition but containing also cystine in 
10" 4 molar concentration had been added, a new wave of current 
appeared at a potential near to the deposition of ammonium ions. 
Although the concentration of cystine in tha resulting solution was 
very small (viz. 2*4 x 10~ e molar) this wave — having also a charac¬ 
teristic rounded maximum of the current — had the considerable 
height of 28 mm at 1 / 100 of the galvanometer sensitivity. Further 
additions of cystine produced an increase of the wave, and at the same 
time lowered the deposition potential of cobalt. (Fig. 1.) 

When working with such small concentrations of cystine (of the 
order of 10~ 6 m) quite reproducible values for the heights of waves 
could not be obtained. Later, a dependence on the size and the 
quality of the walls of the vessel in which the electrolysis was carried 
out was found. From this it follows that the solution is deprived of 

*) All polarographic curves m this paper start from — 0*8 volt. 
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cystine which is adsorbed on the surface of the vessel. At larger 
concentrations the losses of this origin are negligible. 

Owing to the fact that this wave exhibited a current-maximum 
which was more sensitive to changes in composition of solution than 
the normal diffusion current, and because the diffusion current is not 
well developed on the curves owing to near proximity of the wave 
arising from a further electrolytic process, i. e. the deposition of ammo¬ 
nium ions, the height of the diffusion wave could be measured only 
with some degree of arbitrariness. Since on the other hand the polaro- 
graphic curves are very well reproducible, the measured values for the 
‘'diffusion current” of the catalytic wave were quite consistent among 
themselves. The dependence of the height of this wave on cystine 
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Fig. 1. 

To 20 arms 2 x 10 s n CoCL in 10 1 n NH A Cl m 10 1 n NH 3 added a solution 
of 10” 4 m cystine in 2 xl0~ 3 n CoCl 2 in 10 _1 n NH A Cl in 10 -1 n NH 3 . 


concentration was not a linear one, but, as was the case with protein 
additions, it tends to a limiting value. This limiting value was reached 
with relatively small concentrations of added cystine and the height 
of the wave was greater than that of the similar wave produced by 
protein. The accompanying graph, Fig. 7, illustrates these relation¬ 
ships. 

The observed catalytic effects can be employed for quantitative 
determination of cystine in proteins, as will be shown in the subsequent 
paper. 

The dependence of the height of the catalytic wave on the low con¬ 
centration of cobaltous kations is a linear one, as can be seen from 
an experiment, when to a solution of 10“ 5 m cystine in 10— 1 n NH 3 and 
in 10— 1 n NHiCI the same solution containing also 10— 8 n cobaltous 





152 


chloride was added (Fig. 3). On all these polarographic curves the 
reduction wave of cystine itself cannot be seen because of the very 
small concentration of cystine and because it was necessary to employ 
a small sensitivity of the galvanometer in order to obtain the whole 
polarographic curve on one record. 

The reduction of cystine takes place at a more positive kathode 
potential than that at which the catalytic wave occurs. Therefore, 
one could say with certainty that the catalytic effect is produced by 
the reduction product of cystine — viz. cysteine. 

Indeed, when l -cysteine was used in experiments instead of cystine 
the same phenomena were observed. (Fig. 2.) Even a quantitative 
agreement was attained, provided that, in the experiments conducted in 



Fig. 2. 

10 8 n Cod j in 10 1 n NH\Cl in 10 1 n NH. A in 2-4 x 10" 6 m, - 4-7 x 10 4 rn 

cysteine. 


the same manner as with cystine, molar concentrations of cysteine 
twice as great as those of cystine were used. Thus for equal molar 
concentrations of cystine and cysteine, ceteris paribus the height of 
the catalytic wave of the latter is only a half of that of the former 
for the same reason. (Fig. 3.) 

This fact can be regarded as a sufficient proof that the catalytic 
effect is due to cysteine, because on the reduction of one molecule 
of cystine two moleoules of cysteine are formed. 

It remains to show, how the height of the catalytic wave depends 
on the concentration of ammonium chloride and ammonia, because 
these two factors have a direct influence on the reaction mechanism. 

The following remarks have to be premised: The polarographic curve 
of a cobaltous chloride solution, which does not contain the least 
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traces of other electrolytes — especially of alkali chlorides — does 
not show the normal diffusion current of cobalt deposition, as one 
could normally expect, but the current continues to increase almost 
linearly with increasing applied voltage, llkovic, 9 ) who was the first 
to observe this phenomenon, explained it as being due to hydrogen 
evolution from water which is catalysed by the cobalt amalgam formed 
at the kathode. (In the absence of cobaltous salt and of the kations 
of alkalies the hydrogen evolution from water takes place only at 
a kathode potential of —2* 12 v.) 9 ) 



Fig. 3. 

Variation of height of wave of cobalt deposition with the height of catalytic* 
wave effected by cysteine and cystine* of equal molarities in solutions of 10 1 n 

NHiCl in 10 1 n A7/ ; ,. 

However, even a trace of alkali kations suffices to produce the 
normal diffusion current of cobalt deposition. The explanation pro¬ 
posed by llkovic for this fact is as follows: —- the alkali kations 
are adsorbed at the mercury-solution interface and bind electro¬ 
statically the negative //'-ions formed in the electrode according to 
Heyrovsky’s theory 10 ) of hydrogen overpotential. The presence of such 
doublets (e. g. K + H') hinders the access of positive hydrogen ions 
which are present in the neutral solution in the concentration of 
10— 7 gr- ion/Z. 

When cysteine was added to a solution of cobaltous chloride only, 
the shape of the current-voltage curve remained uninfluenced when, 
however, 10 ~ 3 m cysteine solution was added to a solution of 2 x 10— 3 n 
cobaltous chloride in 10— 1 n potassium chloride the normal diffusion 
wave of cobalt deposition appeared on the curve, whereas the “cata¬ 
lytic” wave of hydrogen deposition — usually observed in the presence 
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of ammonium ions and ammonia — was entirely absent. At larger 
concentrations of cysteine there was only a small increase of current 
at that point. (Fig. 4, curve 1.) 

Therefore, such solutions were well suited for the investigation of 
the effect of ammonium ions on the height of the catalytic wave. 
The polarogram Fig. 4 shows the increase of the height of the 
catalytic wave when 10— 1 n ammonium chloride was being suc¬ 
cessively added to a solution of 10 — 41 cysteine in 10 “ 3 n CoCl 2 in 10— :1 n 
KCl. When a stronger solution of ammonium chloride, viz. 1 n NH^Cl, 
was used the catalytic wave at first increased and then, when the 
concentration of ammonium ions in the electrolytic cell has reached 



Fig. 4. 

10 4 m cysteine in % X10 8 n CoCl 2 in JO -1 n KCl 
in 1*2 X 10~ s n - 4-7 y 10 * n NH A Cl. 


a certain value, decreased again. From further investigation it follows 
that a hindrance of the reaction occuring in the interface takes place 
which can also be provoked by the presence of other kations and the 
effect is greater, the more strongly they are adsorbed (CcT, Ba”). 

The facts just adduced make it evident that ammonia is not ne¬ 
cessary for the development of the catalytic wave. Its effect has been 
studied with solutions containing ammonium chloride. It was found 
that ammonia influences the shape of the catalytic wave producing 
an increase of the rounded maximum of the current. The height of 
the catalytio wave in solutions with low concentration of cysteine is 
hereby increased, whereas at greater concentrations of cysteine it 
remains unchanged. (The maximum of the catalytic wave increases 
simultaneously with that of cobalt deposition on the addition of 
ammonia.) (Fig. 5.) 
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Next solutions containing hexammine cobaltic chloride were examin¬ 
ed. The striking issue of these experiments was that the catalytic wave 
does not appear in solutions of trivalent cobalt and that the presence 
of bivalent ions of cobalt in the solution is necessary. This fact could 
be proved, for example, by two parallel experiments which were per¬ 
formed as follows. Two solutions were prepared, one containing cobalt- 
ammine, ammonium chloride, ammonia and cysteine — another the 
same substances except cobaltammine. When cobaltous chloride w r as 
added in equal portions to both solutions, the effect of this addition 
was the same in both cases. On the other hand, when working in air 



2 • 10 8 a CoCL in 5 x 10 5 m cysteine in 10 1 n 
in 2-4x10 8 n — 4-7 x 10~ 8 n MH 3 . 

with cobaltous chloride in ammoniacal solutions of ammonium chloride 
and cystine, the catalytic wave decreases with time, as the cobaltous 
ion is oxidised to cobaltammine which is w ithout influence on this 
wave. 

As there was no doubt that the catalytic wave is produced by the 
sulphydryl group of cysteine, it seemed of interest to try if also more 
complicated derivatives of cysteine and cystine wdll show similar effects. 

For this purpose glutathione was used first. This substance could 
also form a transition to the effect produced by proteins. The consti¬ 
tution 11- ” 17 ) of glutathione has lately been definitely solved; it 
was shown to be y-glutamyl-cysteyl-glycine. This tripeptide occurs 
in two forms: an oxidized one with a disulphidic linkage, and a re¬ 
duced one with a sulphydryl group. 

lO"- 3 m solution of glutathione (Dr. Fraenkel and Dr. Landau) 
was prepared with which the same experiments were performed as 


u 
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with cysteine. The catalytic wave was found also with this substance. 
It was, however, somewhat lower than that with cysteine, and did 
not exhibit the characteristic rounded maximum of the current. 
(Fig. 6.) 

It is easy to prepare dipeptide cysteyl-giycine by a simple hydrolysis 
of glutathione. 14 ) 16 ) In order to determine, if dipeptide differs in its 
catalytic effect from tripeptide, the following experiment was carried 
out. 20 ccs of 10— 2 m solution of glutathione was divided in equal 
portions in two glass vessels with ground stoppers. One of them was 
kept in a thermostat at 62° 0, another in a refrigerator. Five days 



Fig. 6. 

10 3 n CoCJl 2 in l[) 1 n NHJOI in 10 1 n NH a 
in 2-4 x 10~ 6 m — 4-7 X 10~ 4 m glutathione. 


after when, according to Mason, 14 ) the hydrolysis of the warmed 
solution should be quantitatively completed, both solutions were in¬ 
vestigated. It was found that hydrolyzed solutions produced a catalytic 
wave three times greater than the solution kept at low temperature. 

The wave effected by dipeptide solution showed a similar maximum 
of the current to that observed in the case of cysteine. 

Mason has stated that hydrolysis of glutathione takes place even 
at moderately elevated temperature and, thus, it may occur even 
during the manufacture of this substance. 15 ) Mel drum and Dixon 18 ) 
proved in another way that glutathione contains some substances able 
to form catalytic complexes with metals, which are, however, not 
identical with cysteine. Our quantitative results confirm this opinion. 

(Fig- 7 ) 

Therefore, it is most probable that our specimen contained also 
a certain amount of impurity of this kind (supposedly 30 per cent.), 
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and that the latter was solely responsible for the catalytic effect 
observed. This explanation finds its confirmation in the following fact. 
According to Kendall and Holst 24 ) glutathione does not form com¬ 
plexes with cobalt, in contradistinction to dipeptide cvsteyl-glycine 
which does. Our glutathione specimen, when added to a solution of 
cobaltous chloride in ammoniacal ammonium chloride solution, pro- 



Fig. 7. 

Variation of height of catalytic* waves in 10 — 8 n (2 x 10" *n)CoCl 2 in 10 1 n NH^Cl 
in 10 “ 1 n NH n due to thio-acids in varying concentrations. 

duced a characteristic greenish-brown colour, thus pointing to the- 
formation of a complex compound of a constitution similar to that 
of cobalt with cysteine. 

A question may arise if the catalytic wave is in some way connected 
with the proximity of the sulphydryl group to the ammine radical. 
In order to decide this a thio-acid of the simplest type i. c. thioglycolio 
acid in its thiolic form was chosen for further experiments. 


u* 
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Positive results were found with corresponding solutions. The cata¬ 
lytic waves produced by thioglycolic acid were still larger than those 
observed with solutions of cysteyl-glycine. Fig. 7 shows a comparison 
of the heights of catalytic waves produced by all sulphydryl acids 
investigated. 

It is worthy of note, that cysteyl-glycine gives waves notably higher 
than cysteine at the same molar concentration, though the opposite 
case might rather be expected. 

Discussion of results. 

The kathodic reaction taking place at a potential of ca — 1*4 v. in 
solutions of cobaltous chloride in ammonium chloride (+ammonia) 
containing very small amounts of some of the thio-acids investigated 
is without doubt a catalytic process. The solutions do not contain 
any other constituent — except ammonium ions and water — which 
could produce by their own reduction a wave of current of the observed 
magnitude. Therefore, we have to deal here with a catalyzed reduction, 
the product being molecular hydrogen. 

Cobalt amalgam as mentioned above is apt to decrease the over¬ 
potential of hydrogen deposition from water at the pure mercury by 
about 1 volt. This catalytic reaction can be, however,e ntirely stopped 
by an addition of a small amount of alkali ions which by forming 
doublets with the anion //' hinder the reaction II 1 -f If —■ II 2 from 
proceeding at a measurable rate. The formation of such doublets can 
be prevented, however, under certain conditions, by the — SH -group, 
which being adsorbed to the kathode interface may have a favourable 
influence on the formation of molecular hydrogen. The existence of 
complex compounds between cobalt and tbio-acids 19 " ~ 26 ) will throw' 
some light on this problem. 

These complexes, known to occur in crystalline form, have also been 
investigated as concerns their constitution. 25 ) 26 ) They may be of im¬ 
portance from the biological point of view for elucidation of the catalytic 
function of heavy metals, such as iron, in the oxidation reactions of 
thiolic acids. 

Thus complexes of cysteine with cobalt which were the chief object 
of our interest, exist in various stoichiometric ratios. 26 ) In this case 
the most important problem is the mode of binding of the sulphydryl 
group in the sphere of co-ordination of cobalt. 

Let us apply to this case the theory of polarity proposed by La¬ 
timer and Porter. 27 ) For the binding between — SH- group and 
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—C# 2 -group only we can show that the resultant charge of the 
sulphydryl group is — 0*2. 

(Indeed, out of eight outer electrons of the S"-ion only four free 
electrons can serve to paralyze by their full charge the positive charge 
of the rest of the sulphur atom, the two electrons shared with the hy¬ 
drogen nucleus contribute only the value - — 2 x 1 l 2 a>nd the two elec¬ 
trons shared with the carbon atom participate in this action in the 
ratio of the positive charges of the residues of the carbon and sulphur 
atoms, i. e. they contribute the charge —2 x 6 / 10 ; the resultant charge 
of the — SH- -group is, therefore: + 0 — 2 x 1 / 2 — 2 6 / 10 — 4 = — 0*2.) 

In this case the hydrogen nucleus (proton) is attached to sulphur 
very firmly. When, however, out of four free electrons one pair takes 
part in coordination binding the residual charge of sulphur can be¬ 
come even positive, because the negative charge shielding the positive 
residue of sulphur has been diminished. If the effective charge of 
cobalt towards the coordinatively bound electrons were known it 
should be possible to calculate the residual affinity of sulphur atom 
more precisely. 

However, in spite of the lack of quantitative data it is certain that 
the coordination binding of the — SH -group with cobalt simultane¬ 
ously loosens the binding of the proton with sulphur, because now 
the repulsive action of the positive charge of sulphur becomes preva¬ 
lent. This fact has already been experimentally stated by Schubert, 26 ) 
who has investigated whether the group — NH 2 in complexes of cobalt 
and cysteine is also coordinatively bound. From the analogies of 
absorption spectra of these complexes with similar complexes with 
thioglycolic acid, 26 ) and from the existence of addition compounds 
with acids, he has concluded that the group — NH 2 did not enter 
into coordination. The lability of the addition compounds of cobalt- 
cysteine complexes with an amount of acid —smaller than corresponds 
to the strict stoichiometric ratio — was explained by Schubert as due 
to the increased acid character of the — SH -group, which partly neu¬ 
tralizes the — NH 2 radical. 

Sulphydryl group dissociates according to the formula: 

SH yy S' +//+ or more exactly: SH + H 2 () zi H 3 0 f |- S'. 

The free energy of this reaction is given by the activity of the proton 
in the sulphydryl group. The co-ordination binding of sulphur increases 
this activity and the reaction equilibrium is displaced to the right 
side of the above equation. 
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The observed increase of current-intensity which produces our cata¬ 
lytic wave cannot, however, be caused by the simple reduction of the 
hydrogen kation, i. e. its hydrated form split by dissociation, as the 
wave appears in alkaline solutions, from which under the same condi¬ 
tions (but without — SII) the hydrogen cannot be deposited. Thus 
the only explanation is that the hydrogen is deposited directly from 
the sulphydryl group. When we make the pn constant in the neighbour¬ 
hood of the kathode, then, as will be shown later, the deposited 
hydrogen can be replaced, according to the equilibrium given above. 

The sulphydryl group supplied to the negatively charged kathode 
interface by cobaltous ions is firmly attracted there by the adsorption 
forces and deformed there under the influence of the potential gradient 
in the interface, which in its turn leads to further increase of the acti¬ 
vity of the proton. 

The binding between proton and sulphur splits completely at 
a kathode potential at w hich the diffusion current of cobalt deposition 
has been already reached, i. e. at which the cobaltous ions have been 
exhausted from the interface. Therefore, we have to assume that 
a sulphydryl group which was adsorbed and deformed in the interface 
must remain there in the activated state even after the cobaltous ions 
have been discharged. The supposition that cobaltous amalgam formed 
at the kathode surface is responsible for the decrease of hydrogen 
overvoltage must be rejected, because no catalytic effect is observed 
when, instead of cobaltous salt, hexammine-cobaltie chloride is used. 
The cause of this different behaviour of trivalent cobalt can be ex¬ 
plained by the absence of complex formation between thio-acid (used 
in very small concentrations) and the cobaltic ion, which has its sphere 
of coordination filled with iV// 3 -molecules. 

When a disulphidic form of thio-acid is used it is reduced before the 
potential of the catalytic wave is reached. The reduced thiolic mole¬ 
cules react w r ith cobaltous ions in the vicinity of the kathode and 
thus attain the necessary activation. 

The mechanism of the catalytic reaction may be depicted as fol¬ 
lows : 

When the sulphydryl group has lost its proton the remaining anionic 
group — RS' reacts with water according to equation R$' + H 2 0 * 

RSH + 0//', so that new' —SH groups are supplied continuously to the 
kathode interface. Thus, we have to deal here with catalytic decom¬ 
position of water which proceeds at the same rate as that at which 
the hydroxyl ions (OH') are eliminated from the kathode interface. 
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OH'- ions are removed by diff usion and to some extent by cataphoresis. 
In the presence of alkali ions, which prevent the cataphoretic transport 
of hydroxyl ions from the kathode interface (and in the absence of 
ammonium ions), the hydroxy] ions accumulate at the kathode surface, 
so that in a stationary state the rate of hydrogen evolution becomes 
negligibly small. (Fig. 4, c. 1.) The evolution of hydrogen is, however, 
enormously catalyzed in the presence of ammonium ions. This fact 
can be explained when the equilibrium between ammonium ions and 
hydroxyl ions is taken into consideration, viz. 

NH / + OW NH Z + H/). 

Ammonium ions being present in excess thus control the concen¬ 
tration of hydroxyl ions. In this case the rate of hydrogen deposition 
depends on the concentration of ammonium ions, and on diffusion 
processes in the kathode interface. 

Since according to this explanation the function of ammonium ions 
consists in the removal of hydroxyl ions, it was to be expected that 
the same effect should he produced in the presence of a buffer solution. 
Indeed, this was proved when buffer solutions of boric acid and sodium 
hydroxide (/>// -• 8 and pu 9) were used instead of ammonium chlo¬ 
ride. The same catalytic waves as with ammoniacal ammonium chlo¬ 
ride solutions have been obtained. 

Now, the influence of ammonia additions has to be explained. 
Ammonia increases the catalytic wave especially in the presence of 
small amounts of thio-acid. It was already noted that the presence of 
ammonia produces an increase of the concentration of cobaltous ions 
in the interface; the cause of this action is not known as yet, but is 
probably due to some change in the constitution of the cobaltous 
ions, which is revealed also in the character of their electrodeposition. 
The same cause leads to an increased adsorption of thio-acid, w hich 
is supplied to the interface by means of cobaltous ions. These circum¬ 
stances produce an increase of the adsorption current of the catalyzed 
w ave (the maximum of the current on the polarographic curves). The 
diffusion current which is attained after the current has fallen from 
its maximum value should decrease with increasing concentration of 
ammonia, because the latter increases the concentration of hydroxyl 
ions. 

The greater effect of the thioglycolic acid can be ascribed to a more 
stable binding of the sulphydryl group to the cobalt, which is in the 
a-position relative to the carboxyl group. No explanation for the 
greater effect of cysteyl-glycine as compared with cysteine can be. 
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however, derived from the constitution assigned to the former in the 
literature 13 ) 14 ) at present available. From the polarographic conclusions 
it can be stated, that the stability of the complex of cobalt with 
cysteyl-glycine approaches more to the complex with thioglycolic acid, 
and the—$#-group therein is probably in the a-position to the car¬ 
boxyl group. This question could be decided by a similar investi¬ 
gation with isocysteine. 

From this point of view of the coordinative binding of sulphydryl 
group it can be supposed that this group plays a primary r61e in the 
oxidation of cobalto-bis-cysteinate and in the catalytic oxidation of 
cysteine to cystine. 21-24 ) Some oxidising agents, which easily oxidise 
both cobaltous salts and cysteine if they are in common solution, 
remain without influence on either if they act on them separately. 
Cobalto-bis-cysteinate has thus a greater reducing power, than its 
components. 

One can therefore imagine, that because of the more labile binding 
of hydrogen to sulphur the — S' atoms are more easily oxidised, which 
link together two molecules of cobalto-bis-cysteinate by means of the 
disulfide group. Jn this unstable form, then, one molecule of cystine 
can oxidise the cobalt to the cobaltic form before it is split off, while 
the other cystine molecule is substituted by two molecules of cysteine 
from the solution. Thus we obtain cystine and cobalto-bis-cysteinate, 
the constitution of which was given by Schubert. 26 ) The ratio of 
these two oxidation products, depends on the oxidising agents used, 
as a weak one can oxidise only a half of the cysteine in cobalto-bis- 
cysteinate. We can write the following scheme for this oxidation, 
which is not in contradiction to the results of Kendall and Holst: 24 ) 


R 


R 


R 


R 


| 

Co" 

| 


1 

' " Co" 

| 


HS 


SH 

— 4 //+ — 4 

8 

1 


S 

+ 2H t 0 

HS 

1 

Co". . 

SH 

1 


S 

„ Co" 

s 

1 


R 


R 


R 


R 


R-^ 


'R 


R 


R 

R 

1 

" Co" ' 

1 


| 

Co" " 

| 

| 

8 

/ 

SH 

+ 2 RSH 

HS 

/ 

SH 

S 

| 

OH OH 



OH OH 


+ | 

8 

/ 

SH 

~~ ™- - — ——— 

HS 

/ 

SH 

8 

1 

'■Co". 

"" 

| 


I 

, Co-.: 

| 

■ 1 
R' 

R"' 


R 


R 


\.R 



163 


The author is deeply indebted to prof. Heyrovsky for his interest 
in this work. 

Received, February 1933. 

The Physico-chemical Institute , 
Charles University , Prague . 


Summary. 

The catalyzed electrolytic deposition of hydrogen at the mercury 
dropping kathode in the presence of thioglycolic acid, cysteine, cysteyl- 
glycine and glutathione (in both forms — disulphidic and thiolic) has 
been studied in ammoniacal solutions of cobaltous chloride in ammo¬ 
nium chloride. 

The following mechanism of this catalytic reaction has been pro¬ 
posed: The coordinative binding of the sulphydryl group in complexes 
of cobaltous ion with thio-acids produces an increase of the protonic 
activity in this group, which is manifested in the increase of distance 
between H^ and the positive nucleus of sulphur atom. The dipole 
— (S — H)-\- which is transported with cobaltous ions into the nega¬ 
tively charged interface between mercury and water remains there 
adsorbed. Under the influence of the increasing potential gradient in 
this interface this dipole is deformed to such an extent that the 
binding between S' an H+ is finally entirely broken apart. The hydro¬ 
gen atom removed by discharge from the sulphydryl group is imme¬ 
diately replaced by hydrogen from water, so that the process can 
further continue. 

For free progress of the reaction 

— S' + II 2 0 _ - SH + 0H\ 

the hydroxyl ions must be removed from the kathode interface. This 
removal can be attained by means of ammonium ions or in any sui¬ 
table buffer mixture. 

A scheme of oxidation of cobalto-bis-cysteinate has been proposed 
which is in accordance with the coordinative binding of the sulphydryl 
group. 

The catalytic effect described being extraordinarily sensitive and 
highly characteristic, it can be employed for the quantitative deter¬ 
mination of thio-acids. 
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SUR L’ACIDE OLEANOLIQIE 
(SAPOGENINE DE LA BETTERAVE A SUCRE) II. 

par V. PRELOG. 

En oxydant par I’acide chromique la sapogenine de la betterave 
a sucre, acide-alcool de la formule C^H &0 () S (C^H^O^), j'avals obtcnu 
deux produits: l’acide eetonique C SX H U () 3 (C 30 // 4 /> 3 ) et un corps 
(\»lf w Ot (6 Y yo /f 44 0 4 ). Ce dernier, je l’avais considere commc une lactone 
oxyeetonique formee par oxydation de deux atomes d’hydrogene 
lies a deux atomes de carbone tertiaires. 1 ) J'ai toutefois etc oblige de 
corriger bientot cette maniere de voir en face de] nouveaux resultats 
quo soul un manque de temps rn’a empeche alors de publier. Pendant ce 
temps, il a etc ctabli que la sapogenine de la betterave a sucre cst 
identique a toute une serie d'autres sapogenines. 2 ) 3 ) 4 ) 7 ) Elle a attire 
sur elle une tres vi ve attention et donne lieu ades publications fort eten- 
dues. *)— 13 ) Ces faits m'obligent a rendre compte ici de ]>lusieurs 
nouveaux resultats ay ant trait a mon premier travail sur la sapogenine 
en question. 

Desormais, j'appellerai le corps en question a ride oleanoliqne suivant 
la proposition de van der Haar et d accord avec les autres auteurs. 
Par suite des travauxde Ruzicka et Furter n )ct de Win ter stein et 
Stein 10 ) la formule brute C M) H 48 O a , que j'avais d'ailleurs proposee 
moi-mcme dans mon premier travail, a etc acceptee d’une maniere 
definitive. T1 s’ensuit que toutes les formules figurant dans le dit 
travail, sont a diminuer de CH 2 (ainsi que je Fai fait plus haut entre 
parentheses). L’existence d’une liaison ethylenique, que j'avais prevue 
en me basant sur la reaction du corps avec le tetranitromethane, 
a surtout et£ confirmee par Winterstein et Stein. 4 ) (II.) Par fixation 
de brome, respectivement- par action d'acide chlorhydrique en milieu 
acetique anhydre, l’acide oleanolique a fourni respectivement une 
lactone brornee et une acetylee qui ne donnaient plus de coloration jaune 
avec le tetranitromethane. Ainsi que jeFavais etabli peude temps apres 
la publication de mon premier travail, le derive C^H u O^ ne donne pas 
non plus de coloration jaune avec le tetranitromethane, ce qui fait 
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penser a une oxydation portant sur la double liaison avec formation 
d’un produit sature. Cependant, si ce derive devait etre constitue par 
une oxyc£tolactone (III.), com me je Tavais suppose, il renfermerait 
neeessairement deux atomes d‘hydrogene de plus, ainsi qu’il correspond 
a la formule Sinon, il faudrait admettre ici une oxydation 

ult£rieure avec formation d'une dicetolactone (IV.) J’ai r6ussi a obtenir 
a partir du corps G 30 // 44 O 4 une dioxime, ce qui a decide en faveur de 
cette seconde formulation. IJn corps renfermant un groupe carbonyle 
en position /? par rapport au groupe earboxyle subirait ais^ment une 
scission ulterieure, il s'agit done avec beaucoup de vraisemblance d’une 
<$-cetolactone. 

La supposition qu’on etait en presence d'une oxycetolactone etait 
corroboree par les faits suivants: 1. Le corps ((? 30 ff 44 O 4 ) fournissait avec 
la semicarbazide en milieu tant alcalin qu’acetique, une belle mono- 
semicarbazone, 2. lors du dosage de Thydrogene actif d’apres le procede 
Cugajev-Oerevitinov il mettait en liberte presque exacternent 
1 molecule de methane. O’cst surtout ce deuxieme fait que j’ai sounds 
a un controle nouveau et tres soigne, vu que lors du premier travail je 
n'avais fait qiTune seule determination a ce sujet. Je dirai tout de 
suite qu’en employant la mieromethode de Flaschentr ager 14 ) sur la 
substance sechee avec le plus grand soin je n’ai pu que confirmer le 
r<5sultat publie anterieurement. Il est interessant que non seulement la 
dicetolactone G 3O // 44 0 4 , mais encore Tether m6thylique de Tackle 
c^tonique G 3O // 46 0 3 (acide ol6anonique, 11) liberent, eux aussi, presque 
exacternent une molecule de methane. A partir de Toleanonate de 
methyle j’ai prepare outre la semicarbazone deji decrite encore 
Toxime, de sorte que Texistence du groupe carbonyle dans le derive en 
question est hors de doute. 11 est vrai que ce carbonyle doit etre forte- 
ment enolise, au moins dans les conditions du dosage au moyen du 
reactif organomagn^sien. Je renvoie a ce sujet au travail de Grignard 
et Blanch on 16 ) et renonce, vu la nature tres complexe de Tacide 
oleanolique, a toute consideration sur la position du groupe carbonyle. 

Je poursuis mes recherches sur Tacide oleanolique, notamment en ce 
qui conceme la transposition Beckmann de Toxime derivee de Tether 
m^thylique de Tacide oleanonique et de la dioxime de la dicetolactone 
r 30 // 44 O 4 , comme aussi la position de Toxhydryle initial. J’espere 
pouvoir sous peu rendre compte des resultats obtenus. 

Sur ces entrefaites, la dicetolactone C S0 H u O A ainsi que sa dioxime 
ont ete obtenues par Kitasato et Sone 7 ) en oxydant la sapog^nine de 
Panax repens, sans que toutefois les auteurs japonais se soient aper^us 
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de l’identite de leur corps avec le mien. Je l’ai d6montre en preparant 
la dicetolactone suivant leurs propres indications. 



I. 
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28-" 44 
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l'artic experimcntale. 

Dicetolactone C i 0 H i /) i . 

Elle a etc prcparee soit suivant le precede decrit anterieureinent, soit 
suivant Kitasato et Sone. Les deux proccdes donnent le meme 
produit. Pour le dosage de l’hydrogene actif le corj>s a etc recristallise 
dans l’acetone, puis seche, pendant 10 heures, a 110° dans le vide 
phosphorique. 

Dosage de l’hydrogene actif, d'a pres Cugajev-C’ere vitino v-Fla- 
schentrager, en solution pyridique: 

Substance: 21-379, 21-127, 24-760 mgr; CH 4 0-922 rc (11-5°, 746 trim). 

0-964 rc (18°, 736 mm), M70 cc (16°, 736 mm). 
f' 30 ^ 44^4 (468-0): Oalcule (1 H) H 0-214%. 

Trouve H 0-178, 0-182, 0-190%. 


Dioxime. 

0-5 gr de lactone et 1 gr d’acetate de potassium ont ete dissous 
a chaud dans 30 cc de methanol. Apres avoir ajoute une solution 
aqueuse concentree de 0-5 gr de chlorhydrate d’hydroxylamine, on 
a chauffe le melange au bain-marie pendant 3 heures. Le precipite 
obtenu par addition du double volume d’oau a ete lave k 1 ’eau, seche, 
puis recristallise dans l’acide acetique anhydre. Point de fusion (avec 
decomposition): 222—223° (non corr.). L’analyse a ete faite sur un 
produit s 6 che k 110 ° dans le vide sur KOH: 
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Substance: 6-826 mgr ; N 2 0-328 cc (16°, 741 mm), 
C\ 0 H m O,N 2 (498-0): CalcuJe: N 5-62%. 

Trouve: N 5-54%. 

Monosemicarbazone. 

Je me borne a decrire la preparation en milieu acetique en remar- 
quant que la semicarbazide libre donne le meme resultat. 

1 gr de lactone et 1 gr d’acetate de potassium sont dissous dans 40 cc 
de methanol k chaud, puis additionnes d’une solution aqueuse con- 
centree de chlorhydrate de semicarbazide, et chaufKs au bain-marie 
pendant 4 heures. Le precipite blanc, pulverulent, a ete essore, lave 
a Feau et s6ch6. Rendement: 1 gr, Les eaux meres foumissent elles 
aussi un peu de produit. Le corps a ete pu rifle par une cristallisation 
qui consistait a precipiter la solution dans un melange chaud de chloro- 
forme et d’alcool absolu par addition d’6ther absolu a chaud. Cette 
operation a dorm6 de menus cristaux dont la temperature de decom¬ 
position etait entre 292 et 294°. 

Pour Fanalyse, le produit a etc seche a 110° dans le vide phospho- 
rique: 

Substance: 8-945 mgr; N 2 0-613 cc (16°, 743 mm). 
CuHtfOiNz (525-0): Calcule: N 8-0%. 

Trouve: N 7-92%. 

Hither methylrique de Facide oleanonique. 

Je l’ai obtenu, d’une part, par action de sulfate de m^thyle sur 
Facide oleanonique, d’autre part, par oxydation de Father methylique 
de Facide oleanolique. Le produit a ete seche 4 heures a 110° dans le 
vide phosphorique. 

Dosage deFhydrogene actif (Ougajev-Cerevitinov-Flaschen- 
trager, en solution pyridique): 

Substance: 16*792 mgr , 17-918 mgr; CH A 0-752 cc (16°, 736 mm ), 
0-805 cc (17°, 736 mm). 

^ 31 ^ 48^3 (468*0): Calcule (1 H): H 0*214%. 

Trouve: II 0-180%, 0*180%. 

Oxime. 

A 4-6 gr d’ether methylique dissous dans 200 gr d’alcool on a ajoute 
une solution d’hydroxylamine libre obtenue k partir de 1-4 gr de chlor¬ 
hydrate d’hydroxylamine et 0-5 gr de sodium dans de Falcool. Le 
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lendemain, le melange s6para 2*7 gr de menus cristaux fusibles vers 226°, 
la concentration des eaux meres a fourni d’autres 0-9 gr d’un produit 
de meme point de fusion. (Une concentration ulterieure des nouvelles 
eaux meres a separe des cristaux fusibles constamment a 190°; ce produit 
n’a pas encore ete 6tudie.) Le produit p. de f. 226° a et£ recristallise 
deux fois dans l’aleool, ce qui fit monter le point de fusion a 239° 
constants. 

Analyse de 1’oxime sech^e a 110° dans le vide phosphorique: 

Substance: 6*461 mgr ; N 2 0*183 cc (21°, 751 mm). 

C zl HJ)JSr (483*0): Calcule: N 2*9%. 

Trouve: N 3*2%. 
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SUR LE 1-METHYL-T-NAPHTOL 

par V. VESELt et F. STURSA. 


Occupes de l’etude de la preparation et des propri4t6s des naphta- 
lenes dim&hyles, nous avons chereh^ une methode qui nous mit 
en mesure d’obtenir le 1 . 8-dimethyl-naphtalene en quantity notable. 
II nous a paru interessant d'etudier cet hydrocarbure de plus pres, 
parce qu’il 6tait k prevoir qu’il est en relation etroite avec l’ac6napht&ne. 
Nous avions reussi, il est vrai, a preparer le 1 . 8-dimethyl-naphtalfcne 
en partant du l-methyl-8-bromonaphtalene et en d&Loublant l’halog^- 
nure de methyl-naphtylmagnesium sous Faction du sulfate methylique. 
Toutefois, le bromomethyl-naphtalene respectif etant d un acces bien 
difficile, nous n’avons obtenu de 1.8-dimethyl-naphtaleneque quelques 
decigrammes. 

C’est pourquoi nous avons essaye ulterieurement d'arriver au 
1 . 8-dim4thyl-naphtalene par une autre voie, et cela en suivant la 
methode employee par K. Fries et E. Hiibner 1 ) dans la preparation 
du 1-methyl-2-naphtol et qui a fait sa preuve dans l’introduction 
du troisieme groupe methyle dans le 2.6-dimethyl-7 -naphtol.*) 
A cet effet, il fallait partir, dans notre cas, du l-m6thyl-7-hydroxy- 
naphtalene (I) et le transformer, sous Faction de la formaldehyde, en 
dimethyl-dihydroxy-dinaphtyl-methane II. On pouvait s’attendre k ce 
que la reduction de ce corps fournisse le 1. 8-dim4thyl-7-hydroxy- 
naphtalene (III) qui, soumis a la distillation avec la poudre de zinc, 
se transformerait en 1. 8-dim4thyl-naphtalene: 



CH S ^' GH * CH 3 

OH ho( y\ 

11 \/\/ 

ch 3 ch 3 


—> 
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Bien que nous n’ayons pas r6ussi k preparer le 1 . 8-dimethyl- 
naphtalene par oett© voie, nous faisons connaitre les r^sultats obtenus, 
pare© qu’ils paraissent presenter un certain interet. 

En ce qui concern© la preparation du 1-methyl-7-naphtol, elle a ete 
decrite par DzieworiskietWaszkowski. 3 ) En operant la sulfonation 
du 1 -methyl-naphtal&ne k 165—170°, ces auteurs assurent avoir obtenu 
un acide sulfonique qui, par fusion avec la potasse, fournit un 1-methyl- 
naphtol dont le groupe oxhydryle occupe la position 7. Bien que nous 
ayons r£p6t4 ces essais plusieurs fois, en suivant exactement les indi¬ 
cations des auteurs polonais, nous n’avons pas reussi a preparer le 
methylnaphtol en question. 

Par contre, nous avons abouti au resultat desire par une autre voie, 
et cela en nous servant d’unprocede employe par Weiss et Woidich 4 ) 
dans la preparation du 1-phenyl-naphtalene. Voila en quoi consiste ce 
mode op^ratoire: En parta-nt du 1-ceto-tetrahydronaphtalene (1-tetra- 
lone) IV, on le transforme, par action du bromure de phenylmagnesium, 
en derive V qui, dedoubte par Feau, fournit d’abord Falcool VI et puis, 
lors de la distillation avec perte d’eau, Fl^drocarbure VII. En 
chauffant enfin ce dernier corps avec du soufre, on obtient le 1-phenyl- 
naphtal&ne VIII: 
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Pour arriver d'une maniere analogue au l-m6thyl-7-naphtol, nous 
avons employe comme produit de depart la 7-nitro-l-tetralone (IX)* 
Nous l’avons obtenue d’apres Schroeter et Laves 6 ) par nitration 
de la 1-t^tralone. La reduction du produit nitre nous a fourni Famine 
(X) que nous avons transform^©, par diazotation et par decomposition 
au moyen d’eau du diazolque obtenu, en phenol correspondant XI. 
Ce corps a soumis k la methylation au moyen du sulfate methylique. 
En traitant lather phenolique obtenu par Fiodure de m^thylmagnesium 
et en d6doublant le compost d’addition par Feau, nous avons obtenu 
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un aloool tertiaire qui, chauflte au-dessus de 100°, perdait une molecule 
d’eau en dormant 1© 1 -methyl-7-m^thoxy-3.4 -dihydronaphtal6ne XIII. 
La dehydrogenation de ce dernier nous a fourni le m4thyl-7-m6thoxy- 
naphtatene XIV que nous avons desalcoyte en le chauffant avec de 
l’acide bromhydrique en solution acetique: 
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En vue de preparer le 1. l'-dimethyl-7 . 7'-dihydroxy-8.8'-dinaphtyl- 
m^thane, nous avons essaye de condenser le 1-methyl-7-naphtol 
avec la formaldehyde, et cela soit en milieu acetique, avec addition de 
HCl % soit d’apres Fries et Hiibner, 8 ) en solution alcoolique, en pre¬ 
sence d’acetate de soude. La formaldehyde n’entre en reaction qu’en 
milieu acide. Toutefois, la reaction est bien plus lente qu’avec le 
2-naphtol non m4thyle et le produit de la reaction ne repond pas k un 
corps dihydroxyie, car il n’est pas soluble dans les lessives alcalines. 
Le fait que sa solution dans l’acide sulfurique concentre present© une 
belle fluorescence rouge, ainsique les resultats del'analyse £16mentaire, 
montrent que le corps obtenu constitue le dimethyl-naphtopyrane 
(le dimethyl-dinaphtylxanthene): 


_CH 3 CH :l __ 

/ I ch 2 I x 

l_/\/\/\.J 
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Cette observation est bien surprenante. car la formation d’un noyau 
xantlienique avec perte d’eau se fait ici k la temperature ordinaire. 
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alors que le 2.2'-dihydroxy-l . 1 '-dinaphtylmethane, prepare par con¬ 
densation du 2-naphtol avec la formaldehyde, ne s’anhydrise qu’aux 
temperatures plus elevees. 7 ) Pour savoir si la presence du groupe 
methylique en 1 exerce une influence sur Factivite chimique de l’atome 
d’hydrogfene en position 8, nous avons essaye de transformer notre 
naphtol, par oxydation au moyen de chlorure ferrique, en dinaphtol 
correspondant. Cependant, nous avons pu constater que cettc reaction 
se fait ici avec la meme facilite qu’avec le 2-naphtol non methyle. 

La constitution de notre 1-methyl-7-naphtol nous semble etre hors 
de doute. Elle resulte de sa formation k partir de la 7-nitro-l-tetralone. 
Schroeter et Laves 6 ) avaient determine la position du groupe nitro 
dans cette cetone par le fait que la solution acetique de F acetate de son 
oxime, saturee de HCl , fournit par le chauffage le 7-nitro-l-amino- 
naphtalene. Ce corps est identique a la nitramine obtenue par Fun de 
nous en collaboration avec M. Dvorak 8 ) dans la reduction partielle du 
1 . 7-dinitronaphtalene. Outre cola, nous avons transforme notre 
methylnaphtol en methylnaphtylaraine, et nous avons pu constater 
que cette amine concorde avec le produit de reduction du 1-methyl- 
7-nitronaphtaiene. 9 ) En ce qui concerne le pretendu 1-methyl-7-naphtol 
ainsi que ses derives, obtenus par Dziewoiiski et Waszkowski, le 
tableau ci-dessous montre que leurs points de fusion ne sont pas du 


tout eonformes k ceux de nos corps: 

V. ot S. D. et W. 

1 -methyl-7-hydroxynaphtalene 69°—70° ] 04°—105° 

1 -methyl-7-benzoylhydroxy-naphtaieno 88°—89° 107°—108° 

1 -methyl-7 -aminonaphtalene 85°— 86° 46°—47° 

1 -methyl-7 -acetaminonaph talene 157°— 158° 146° 


iStant donne que les auteurs polonais n’ont pas verifie la position 
du groupe oxhydryle dans leur methyl-naphtol, il est manifesto que 
la constitution de leurs corps ne repond pas aux formules indiquees. 

Partie experimentale. 

1-Tdtralone (IV). Nous Favons d’abord preparee d'apres le brevet 
de G. Schroeter, 10 ) e’est-a-dire, par oxydation de la tetraline au 
moyen de CrO z en milieu acetique. Au cours des essais ulterieurs, nous 
avons toutefois trouve que Fon peut arriver a cette cetone par une voie 
moins eofiteuse, en se servant de la methode de H. Hock et W. Su- 
semihl; n ) nous Favons modifiee de la maniere suivante: dans un 


12* 
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ballon de 2 litres, chauffe dans un bain d’huile k 75°, on introduit 1 kg 
de tetraline, et on fait traverser le liquide par un courant d’air pendant 
30—35 heures. Au bout de ce temps, une partie de la tetraline est 
transform^ en peroxyde. Aprks refroidissement, la liqueur est trans- 
vas6e dans un entonnoir a decantation, et elle est fortement agit£e 
avec 700 cc de soude caustique aqueuse deux fois normale. On s^pare, 
apres repos, la couche inferieure, contenant la solution alcaline du 
peroxyde, et Ton epuise la tetraline restee dans l’entonnoir par une 
nouvelle portion de lessive 2 n. Les ex traits alcalins sont ensuite 
chauffes k 60—70°, ce qui determine la decomposition du peroxyde 
avec formation de tetralone. La solution se trouble et finit par laisser 
dex>oser la cetone sous forme d’une huile. Oelle-ci est separee, lav6e 
a l’eau, dessechee et debarrass6e des restes de tetraline par une distil¬ 
lation fractionnee. Nous avons recueilli ainsi 126 gr de 1-tetralone 
pure, passant sous 15 mm Hg a 137—140°. 

7-Nitro-1-tetralone (IX). 146 gr de 1-tetralone sont dissous dans 
30 cc d’acide sulfurique a 100%; la liqueur refroidie a —20° est addi- 
tionnee, avec agitation rapide et a petite dose, d’un melange de 65 gr 
d’acide azotique a 98% et de 150 gr d’acide sulfurique a 100%; on 
maintient la temperature au-dessous de —15°. La nitration terminee, 
on fait couler le melange en mince filet sur de la glace. On obtient 
ainsi un produit jaune clair grenu qui est separe, plusieurs fois lave 
a l’eau, bien essore et enfin seche a l’air a la temperature ordinaire. 
Cristallise d'abord dans l’acide acetique k 75%, et ensuite dans l’alcool, 
avec decoloration k la carboraffine, le corps est en aiguilles jaunatres, 
fondant a 104—105°. 

Rendement 15gr. Quant aux eaux meres, on peut en retirer encore 
une proportion considerable de 7-nitro-1 -tetralone ainsi que de son 
isomere nitre en 5. 

7-Amino-1-tetralone (X). On chauffe un melange de 30 gr de limaille 
de fer, de 150 cc d’eau et de 3 cc d’acide acetique anhydre pendant 10 
minutes environ a l’ebullition, et on y ajoute, a petite dose et avec 
agitation, 10 gr de 7-nitro-1-tetralone finement pulverisee. Aprfes 
2 heures de chauffage ulterieur on rend la liqueur faiblement alcaline. 
Le precipite, eomprenant l’amine et les sels de fer, est essore et deux 
fois extrait par de l’alcool bouillant. La solution alcoolique abandonne, 
apres refroidissement, ramino-tetralone en beaux prismes pointus et 
fusibles a 140°, ce qui est d’accord avec 1’observation de Schroeter. 1 *) 
L’hydrochlorure de cette base est facilement soluble dans l’eau. Rende¬ 
ment 7-3 gr d’aminotetralone pure. 
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Nous avons op^re la meme reduction au moyen de sulfure d’ammo- 
nium en solution alcoolique, mais Famine obtenue ici est moms pure 
et le rendement ne depasse pas 40% de la theorie. 

7-Hydroxy-l-tetralone (XI). Une solution de 10 gr de 7-amino-l-te- 
tralone dans 15 cc d’acide chlorhydrique concentre et 100 cc d’eau 
est diazote© au moyen de nitrite de soude; on ajoute un volume egal 
d’eau, et on dedouble le diazoique par chauffage a 70°. Le tetralonol 
forme est purifie par distillation a pression reduite. Sous 12 mm Hg 
il passe a 213—215°. II forme des prismes incolores fondant a 106°, 
peu solubles dans l’eau, facilement solubles dans Falcool. 

Analyse eiementaire: 

Substance: 0-1942 gr , C0 2 0*5264 gr, H 2 0 0*1096 gr . 

C l0 H l0 O 2 : Calculi C 74*1 %, H 6*2%. 

Trouve C 73-9%, H 6*3%. 

7-Methoxy-l-titralone (XII). On dissout 8*8 gr de 7-hydroxy-1-tc- 
tralone dans 50 cc de soude caustique aqueuse a 10%, et on ajoute par 
petites portions et avec agitation, 10*3 gr de sulfate methylique. La 
liqueur alcoolique abandonne Father phenolique, facilement soluble 
dans les solvants organiques. II cristallise dans Fether de p^trole en 
lamelles hexagonales bien d^veloppees, fondant a 67—68°. Rendement 
7-5 gr. 

Analyse element aire: 

Substance: 0*2185 gr, C0 2 0*5981 gr , H 2 0 0*1343 gr. 

C Ll H 12 0 2 : Calculi C 75*0%, H 6*8%. 

Trouve C 74-7%, II 6*8%. 

7 - Methoxy-1 -methyl-3 . 4-dihydronaphtalene (XIII). Une solution et he¬ 
llo d’iodure de methylmagnesium, prepare© par dissolution de 8*3 gr 
de magnesium dans 48 gr d’iodure de methyle au sein dune atmos¬ 
phere d’azote, est additionn^e, goutte a goutte, de 40 gr de 7-methoxy- 
1-tetralone dans 100 cc d’ether. Oil continue a chauffer }>endant une 
heure, aprls quoi on ajoute 70 cc d’acide chlorhydrique a 3%. Au 
debut, la reaction est tumultueuse par suite du dedoublement de 
l’iodure de methylmagnesium en exc^s. La liqueur etherle est ensuite 
dessechee au sulfate de sodium anhydre, et le solvant est chasse par 
distillation. On obtient ainsi Falcool tertiaire qui, chauffe une demi- 
heure environ k 100—110°, j)erd une molecule d’eau et se transforme 
en methoxy-methyl-dihydronaphtalene XIII. En soumettant le pro- 
duit obtenu a la distillation dans le vide, on en obtient 38 gr qui pas- 
sent k 154—156° sous 12 mm Hg. 
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7*Mdthoxy-l-m&hyl-mphtalkne (XIV). 37 gr de m6thoxy-m6thyl- 
dihydronaphtalene, additionn^s de 7 gr de soufre en fleur, sont chauff^s 
a 220° dans un ballon k fractionner, plong<5 dans un bain m^tallique, 
jusqu’a ce que le d^gagement de l’hydrogene sulfur^ ait cess6. La 
liqueur reactionnelle est alors soumise a la distillation dans le vide. 
La fraction passant, sous 10 mm Hg, entre 150 et 156° est redistill^e sur 
un peu de sodium m^tallique. Lather naphtolique obtenu cristallise 
dans l’alcool methylique en ecailles brillantes et fusibles a 47—48°. 
Sous 10 mm Hg il bout k 152—153°. Rendement 14 gr. 

Analyse elementaire: 

Substance: 0*2028 gr, C0 2 0*6248 gr, II 2 0 0*1240 gr. 

C 12 H n O: Calcule C 83*7%, II 6*9%. 

Trouve C 84*0%, II 6*8%. 

1-M ethyl-7-hydroxynaphtalene (I.). 20 gr de 7-methoxy-1-methyl- 
naphtalene sont chauffes pendant 5 heures a reflux avec 100 cc decide 
ac6tique anhydre et 20 cc d’acide bromhydrique (d — 1*49). On rend 
ensuite la [solution alcaline, et on la debarrasse des restes de Father 
naphtolique par epuisement k Fether. Le naphtol obtenu est precipit<5 
par l’acide chlorhydrique et purifie par une distillation dans le vide. 
Sous 10 mm Hg, il bout a 176°. Cristallise dans l’eau, il est en aiguilles 
incolores, fondant a 69—70°. Rendement 14 gr. 

Analyse elementaire: 

Substance: 0*1921 gr, C0 2 0*5884 gr, lift 0*1116 gr. 

C u H 10 O : Calcule C 83-6%, H 6-3%. 

Trouve C 83*5%, H 6*5%. 

1 -Methyl-7-benzoylhydroxy-naphtalene. Ce corps a etc prepare, k 
partir du naphtol correspondant, par action du chlorure de benzoyle 
en solution alcaline. 11 cristallise dans l’aioool en lamelles, dans la 
benzine de petrole (eb. 60—80°) en prismes plats, fondant a 88—90°. 

l-Mdthyl-7-aminoTiaphtaUne. 2 gr de methyl-naphtol, 15 cc d’ammo- 
niaque concentre et 3*5 gr de sulfite d’ammonium solide sont chauffes, 
en tube scell6, pendant 10 heures a 170°, Le produit rcaetionnel est 
separe par essorage et purifie par distillation avec la vapeur d’eau. On 
obtient ainsi Famine en aiguilles incolores plates, fusibles k 85—86°. 
Le corps cristallise bien dans Falcool methylique. 

Dosage d’azote: 

Substance: 15*980 mgr, N 1*45 cc (18°, 738 mm). 

C n H n N: Calcule N 8-9%. 

Trouve N 9*1%. 
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Le 1 -mtihyl- 7-acdtamino-Tuiphtalcne obtenu par acetylation de Famine 
pr4cedente, oristallise dans le benzene en lamelles brillantes, fon¬ 
dant k 157—158°. II ne montre pas de depression du point de fusion 
avec la m6thyl-ac£t-naphtalide prepar^e a partir du l-methyl-7-nitro- 
naphtalene. 9 ) 

l-Mdthyl-7-hydroxy-8-(4-nitrobenzene-azo)-naphtalene. La p-nitrani- 
line diazotee foumit avec une solution alcaline de 1-methyl-7-naphtol 
un colorant rouge; celui-ci cristallise dans le nitrobenzene en aiguilles 
rouge clair, fondant a 202—263°. Le corps est peu soluble dans le 
benzene, dans Talcool et dans Facade ac^tique anhydre. 

Dosage d’azote: 

Substance: 19*913 mgr, N 2*45 cc (20°, 739 mm). 

C 17 H 13 0 3 N 3 : Oalcule N 13*7%. 

Trouve N 13-7%. 

JJimdthyl-dinaphtopyrane . 5 gr de 1-methyl- 7-naphtol sont dissous 
dans 60 cc d’ocide antique k 50%; la solution refroidie a 30° est 
additionnde de 2*9 cc de formaldehyde a 40%. Apr&s refroidissement 
a la temperature ordinaire, on ajoute 4 cc d’acide ehlorhydrique con¬ 
centre. Apres une demi-heure environ la liqueur laisse deposer un pro- 
duit rosatre que Ton essore apres 24 heures. Le corps obtenu cristallise 
dans la pyridine en longues aiguilles incolores, fusibles a 216—217°. 
II est tres peu soluble dans le benzene et dans l’acide acetique anhydre, 
insoluble dans les lessives alcalines. La solution dans Facide sulfurique 
concentre est vert jaunatre avec une belle fluorescence rouge, ce qui 
revele la presence d’un noyau xanth£nique. 

Analyse elementaire: 

Substance: 0*2196 gr, C0 2 0*7174 gr, H 2 0 0*1108 gr . 

C 2B H 1B 0: Oalcule C 89*03%, H 5*81%. 

Trouve C 89*09%, Ii 5*60%. 

1. V-Dimdthyl-7 . 7'-dihydroxy-8. 8-dinaphtyl. La solution de 1*5 gr 
de 1 -methyl-7-naphtol dans 60 cc d’eau est chauffee k Febullition et 
additionn^e, k petite dose, de 2*8 gr de chlorure ferrique dans 6 cc 
d’eau acidulee avec HCl. L’oxydation est favorisee par agitation; elle 
est tennin<5e au bout d’une demi-heure. Au cours de la reaction les 
gouttes huileuses disparaissent et la liqueur laisse deposer un produit 
fonc6. Cristallise dans le xylene, le dihydroxy-dinaphtyle est en la¬ 
melles incolores, fondant k 238—239°. 
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En terminant, nous Bommes tree heureux de pouroir remercier ici 
M. M. K. Dzieworiski et G. Schroeter qui ont eu la bont6 de 
mettre a notre disposition les descriptions d4taill6es de la sulfuration 
du 1 -mdthyl-naphtalene et de la nitration de la l-t6tralone. 

Laboratoire de Chimie organique 
a I'ficole Polytechnique tchkqw de Brno 
(Tchicoslovaquie ). 
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ON THE LINEAR CRYSTALLIZATION VELOCITY OF CATHODIC 
COPPER IN ELECTROLYSIS OF COPPER SULPHATE SOLUTIONS 

by A. GLAZUNOV and A. ROSKOT.*) 

In determining the linear crystallization velocity (OF) of cathodic 
copper deposited from a solution of cupric sulphate we used the same 
arrangement as was already described in a paper by Glazunov, 
Rada and Balcar 1 ) concerning the CV of silver precipitated from 



Fijj. 1. 

a silver nitrate solution, the method of measurement being also the 
same. Because in working with a small amount of the electrolyte 
between two glass plates the cathode space is easily exhausted of the 
metal, we worked exclusively with a little trough standing on a glass 
plate (Fig. 1). Only a few parallel experiments were made in order 
to compare the values of C'F in both instances. 

However, in using the trough other difficulties arise: the layer of 
copper deposited has the same thickness as the cathode only in the 

*) Published in Czech in Chem. Listy 1932, 20, 308. 

‘) Chem. Listy 1932, 26, 12. 
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beginning of the electrolysis; after some time its growth is no more 
entirely horizontal, the active surface of the cathode becoming larger, 
and this again being accompanied by a fall in current density. 

The influence of this phenomenon was eliminated, however, by 
making the measurement in the shortest time possible, within which 
the surface of the cathode could be considered as unchanged. The 
way in which the measurements were made being uniform, the 
phenomenon could not have any influence on the shape of the 
curves. 



Fig. 2. 


The temperature of the experiments performed at concentrations 
of 1 / 8 to 5% of cupric sulphate was practically constant at about 
J 8° C. The current density was varied within the interval of 240—2800 
Amp./sq. m. A copper anode and a platinum cathode were used. 

The results of measurements are summarized in the accompanying 
Table. 

The influence of the change in current density on the CV at different 
constant concentrations is described in Fig. 2. It is seen that the 
linear crystallization velocity increases with the rise of current density, 
however, the rate of this increase diminishes slowly with further 
rise in current density. 



181 


Table. 


Current 
density in 
Imp./sq. m. 

Time 
in min. 

Observed 
growth 
m rrvrm 

Actual 
growth 
in mms 

CV x 10* 
mms/ sec. 

^ % tr ‘ N0te 

400 

3 

15 

0*428 

237 

Vs 

800 

3 

30 

0*857 

476 

Vs 

1200 

3 

50 

1*430 

794 

Vs 

1600 

3 

65 

1*857 

1030 

Vs 

2400 

3 

70 

2*000 

1110 

Vs 

400 

3 

8 

0*228 

127 

Vs 

800 

3 

16 

0*456 

254 

v« 

1200 

3 

20 

0*571 

318 

V* 

1600 

3 

22 

0*628 

349 

Vs 

2400 

3 

25 

0*714 

397 

Vs 

400 

3 

5 

0*143 

79*5 

% 

800 

3 

9 

0*257 

143 

% 

y 2 

1200 

3 

15 

0*428 

237 

1600 

3 

16 

0*457 

254 

% 

2400 

3 

21 

0*600 

333 

a 

400 

3 

1-5 

0*0428 

23*8 

1 

800 

3 

2*5 

0*0714 

39*6 

1 

1200 

3 

9 

0*257 

143 

1 

1600 

3 

11 

0*314 

174 

1 

2400 

3 

13 

0*371 

206 

1 

800 

60 

2 

0*0571 

1*58 

2 

1600 

16 

4 

0*111 

12*2 

2 

2000 

16 

55 

0*128 

14*2 

2 

2800 

10 

6 

0*171 

28*5 

2 

240 

852 

5 

0*142 

0*277 

5 

1600 

26 

1*75 

0*050 

3*2 

5 

2000 

20 

2*5 

0*0714 

5*1 

5 

2800 

23 

3 

0*0857 

6*21 

5 

1600 

5 

22 

0*630 

210 

l U 

800 

8 

14 

0*400 

83*5 

V 4 

y 2 

2400 

4 

16 

0*457 

190 

2400 

017 

7 

0*200 

188 

% 

400 

30 

4 

0*114 

6*35 

y 2 

3600 

8 

26 

0*743 

155 

l A 

320 

10 

5 

0*143 

23*8 

]/ 2 + gelatine 

320 

10 

8 

0*233 

38*8 

!4 

2400 

60 

2 

0*0571 

1*59 

4 

2400 

60 

1 

0*0291 

0*816 

4 + gelatine 

400 

2 

40 

1*142 

351 

Vs 

1600 

3 

20 

0*571 

310 

2 

1200 

6 

35 

1*000 

345 

4 


The reaction of the solution was neutral throughout; for all measurements 
a magnification of x 35 was employed. 
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The influence of concentration on the CV at different, but constant 
current densities is apparent from Fig. 3. As could be expected, the 
CV of the cathodic deposit fell with increasing concentration of the 
solution, first rapidly and then more slowly. 



Currant density in Amp/sq.m. t 

Fig. 3. 

An addition of gelatin to the electrolyte, i. e. an increase of its vis¬ 
cosity diminishes the linear crystallization velocity — the other factors 
having the same values — this decrease causing formation of a finer 
deposit. The character of the deposit obtained under different condi¬ 
tions is seen from the accompanying micro-photographs Fig. 4 and 5. 

For comparison the form of a sediment obtained between two 
glass plates is shown in Fig. 6. It is self-evident that the velocity 
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is greater in this instance, the other conditions of electrolysis being 
the same (because of the rapid exhaustion of copper ions in the 
cathode space). The difference amounts to as much as 30% of the 
original value measured. 

f ' '* '*V~ 



Fig. 4. 

Current density 2400 Amp./sq. m, concentration 4%, without gelatin. 


r 



Fig. 5. 

Current density 2400 Amp./sq. m, concentration 4%, with gelatin. 

In comparing the results given with the crystallization velocity 
of silver, separating under the same conditions from a silver nitrate 
solution, we see that the CV of copper is 10 to 20 times greater than 
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the CV of silver; this could be expected, because, as is known, the 
oathodic deposit of silver growing from a silver nitrate solution is 



Fig. 6. 

Current density 1200 Amp./sq. m, concentration 4%. 

in the form of needles, whereas copper gives a compact deposit from 
a solution of cupric sulphate. 


Institute of theoretical metallurgy, 
High School of Mines, PHbram, Bohemia. 


NEW BOOKS. 


J. Heyrovsk^: PouZiti polarograflcke methody v prakticke chemii (Appli¬ 
cations of the polarographic method in practical chemistry). Edited by the 
Czechoslovak association for investigation and testing of technically important 
materials and constructions, with the aid of the Czechoslovak Ministry of 
Public Works, Prague, 1933. With 86 figures and 4 tables. Pp. 135. — K6 30-—. 

This is a highly authoritative monograph on the polarographic method 
written by its originator for the benefit of those who are in need of a reliable 
guide in the rapidly developing field of application of this beautiful electro- 
analytical method. The book is aptly dedicated to the memory of the author’s 
teacher, the late Prof. B. Kutfera, who studied the electro-capillarity of 
mercury by means of the mercury dropping electrode, and, some fourteen years 
ago, encouraged his inquisitive pupil to investigate the behaviour of this elec¬ 
trode from other points of view. Heyrovsky soon discovered that the current 
flowing through the dropping electrode is a very delicate and precise means for 
characterizing the diverse reduction processes going on in tho surface of this 
electrode when used as cathode, and for disclosing their mechanism. Since that 
time the author has considered the mercury dropping cathode as the ideal 
electrolytic instrument with an unlimited possibility of application in theore¬ 
tical as well as in practical electro-chemistry, and hopes to show in his book, 
how far this expectation is justified — at least where we are concerned with 
the practical side of the subject. 

Many important results of tho work of the author and his school at the 
Charles 1 University of Prague are well known to the readers of this journal; 
it must thus suffice to state briefly the contents of the book. In the first theore¬ 
tical chapter the author treats of the principles of electrolysis with the mercury 
dropping cathode (measurement of the current, advantages connected with the 
use of tho mercury dropping cathode, shape of the current-voltage curves, 
displacement of those curves with the change of concentration and with that 
of the galvanometer sensitivity, the normal and the molar deposition and 
reduction potentials which are summarized in three tables as far as they are 
already known). The second chapter contains a description of the “polarograph”, 
an apparatus for automatic registration of the current-voltage curves. In the 
third chapter the author describes all the other appliances necessary for per¬ 
forming this kind of electrolysis, giving many important practical hints as to 
the necessary characteristics of the galvanometer to be used for this purpose, 
as to the preparation and filling with mercury of the capillaries, preparation 
of purest electrolytic hydrogen etc. In the fourth chapter directions are given 
for performing the electrolysis properly, a special emphasis being laid on the 
possible sources of disturbances and their avoidance*. In the fifth chapter some 
further fundamental results of polarographic researches are treated, such as 
reduction by stages, maxima on the current-voltage curves, the reduction of 



anions, the influence of temperature and the limits of the sensitivity of the 
method. In the sixth chapter the author discusses the signiflance of the potato# 
graphic method for chemical analysis, its application in the general analysis 
(systematic analysis of cations, analysis of reducible inorganic anions, reduc¬ 
tion of molecular inorganic as well as organic compounds) and catalyzed 
electro-reduction. The last chapter treats of some special instances of the 
practical application of the polarographie analysis, for instance in controlling 
the purity of laboratory reagents and pharmaceutical preparations, in physio¬ 
logical and medical chemistry, in sugar, fermentation and petroleum chemistry* 
the determination of oxygen in technical gases and waters, in ceramics, in the 
technology of nitrogen compounds, in the investigation of the adsorption of 
dyes on charcoal, to the coagulographic control of clarification of supply water. 
Finally some* uses of the polarograph without the mercury dropping cathode 
for potentiometric and conductometric purposes are described. 

The numerous illustrations, are very instructive, especially the ‘‘polaro- 
grams”, which, being obtained automatically and eliminating thus the personal 
equation constitute one of the greatest advantages of this exquisite electro- 
analytical micro-method, its other merits being a high sensitivity, rapidity and, 
last but not least, the possibility of repeating the analysis with the same 
sample of solution as often as one likes or needs, the solution not undergoing 
any change whatever thereby. 

A full list of the organic substances hitherto investigated is appended, 
stating which of them can and which cannot be recognized and determined 
by polarographie analysis. The book contains also a complete bibliography 
of publications dealing with the polarographie method. (To the end of 1932, 
139 communications.) 

The author may be warmly congratulated on this highly individual production, 
which isworth translating into a world language. It can be recommended without 
reserve to the widest possible circle of chemists. Those readers whose interst is 
chiefly confined to theory will await with impatience a more detailed survey of 
the results of the researches of the author’s school from the standpoint of 
t heoretical electrochemistry. A . Sirmk, 


Dans le travail de 


ERRATA. 


0. Tomidek et Z. RektoHk: Sur le dosage argentomt&rique dtt 
nitroprus8iate (p. 129, No. 3, ann^e V) 

au lieu de lire 


7*8 X 10~ 13 * 7*8 X 10^ 13 

p. 129 ligne 12 d’en bas 
p. 131 ligne 3 d’en bas 
p. 135 ligne 7 d’en haut. 


VychAzi mPsi&nft. — Odp. red&ktofi a vydavatete: Prof. Dr. E. Votodek a prof. Dr. J. Heyrovzk# 
Ttekne „PoMtlka“ v Praze. — Novinovd sazba povolena fed. post a telegrafft £i». 7 746-VII. 1039 


THE CONSTITUTION OF CERTAIN ACENAPHTHENE SULFONIC 

ACIDS.*) 

By MARSTON T. BOGERT and RICHARD B. CONKLIN. 

Introductory. 

. The justification for this investigation lay in the fact that we were 
desirous of synthesizing some new types of acenaphthene derivatives 
which seemed likely to be most easily accessible through the nitro- 
sulfonic acids, and the literature of these acids waB so confusing and 
apparently contradictory that it became necessary first to make sure 
of the structure of the particular nitrosulfonic acid required for our 
work. 

These conflicting statements in the literature have been rendered 
still more puzzling and annoying by the existence of so many different 
systems of numbering the acenaphthene nucleus, and the uncertainty, 
particularly in the case of the various abstract journals, as to whether 
the system which appears in the abstract examined is that of the 
original article, of the abstract journal consulted or, where abstracts 
are exchanged between countries, of the abstracting journal of some 
other country. 

As an illustration of this, the October 20, 1931 issue of Chemical 
Abstracts, on p. 5419 prints a resume of an article by Dziewonski, 
Grtinberg and Schoenowna. This resume is entitled “Acenaphthene- 
sulfonic acids. I. Derivatives of 3-acenaphthenesulfonic acid.” This 
'leaves the reader in doubt as to whether the system of numbering 
used in this title is that of Dziewonski or that of Chemical Abstracts, 
for tiie 3-sulfonic acid of the former is the 1-sulfonic acid of the latter. 
In this particular case, the acid described is the 3-sulfonic acid of 
tiie Dziewonski system and until the reader looks it up he will not 
know to what it corresponds in the Chemical Abstracts system. 

*) This investigation could not have been completed without the financial 
aid received from the trustees of the Joseph Henry Fund of the National Aca- - 
,demy of Sciences, U. S. A., to whom we are most grateful. — M. T. B. and 
R. S. C. 
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The following systems have been encountered in the literature: 



10 


81 |1 

| /X ! /X | 

\/\/ 

5 4 

(C) 



9 10 


4r| |S 


3 

2 


1 


|0 

J7 


(E) 


Y 


/\/\> 

/\/\ 

■ 1 f' 

/\/\, 

1 1 1^* 

\ > 

\ / x . / 

\ /\, ^ 

! 1 L 

\/\/ A ‘ 

p 

ft, Hj 

" 

(F) 

(0) 

(H) 


The one used in this article is that shown above as (A), which is the 
system employed by Chemical Abstract$ and by Richter's “Lexikon". 

Even the literature of the simple acenaphthene monosulfonie acids 
is puzzling and controversial. Inasmuch as the establishment of the 
constitution of a nitrosulfonic acid includes the determination of the 
location of the sulfo group, it is appropriate to summarize here briefly 
the evidence in favor of the structures now assigned to the two ace¬ 
naphthene monosulfonie acids with which our work was more imme¬ 
diately concerned. It should be borne in mind also that it is reason¬ 
able to assume that the acenaphthene nucleus will behave towards 
most ordinary substituents in the same way as the naphthalene nucleus 
itself, which means, in the case of sulfonation, for example, alpha- 
substitution at low temperatures and beta - at high, an assumption 
which has been confirmed by recent studies in this field. 

Much of the proof of structure in the acenaphthene field rests upon 
that of the nitro derivative formed when acenaphthene is nitrated 
at 10—18° in acetic acid solution. 

Blumenthal 1 ) w^as the first to use oxidation of the methylene 
groups to show" whether substitution had taken place in these groups 
or in the aromatic nucleus. Grae be 2 ) applied this to the determination 
of the constitution of the above nitro acenaphthene and found that 
it w as oxidized readily to a nitronaphthalic acid which was reduced 
to the corresponding aminonaphthalic acid. The sodium salt of this 
amino acid, distilled with calcium hydroxide, yielded a/pfea-naph- 
thylamine, thus locating the nitro group in the original nitro acenaph¬ 
thene as at 3 (or 4, which is of course identical). 
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As this proof of structure is clear, we also have used it as the basis 
for some of our own deductions as to structure, but we have been 
able as well to verify its accuracy in other ways described beyond. 

l-Sulfcmic Acid (I) (amide, m. p., 196—199°). — This is the acid 
which results when acenaphthene is heated with concentrated sulfuric 
acid at 100°. It was described first by Oliveri-Mandala 3 ) and was 
later studied by Dziewonski and Stolyhwo, 4 ) who prepared the 
amide. Oliveri-Mandala oxidized it to a sulfo-pm’-naphthalic acid 
(II), fused the latter with moist potassium hydroxide at 240—250° 
and obtained an acid, m. p. 257°, which Dziewonski and his co¬ 
workers 6 ) subsequently proved to be the 7-hydroxynaphthoic (IV). 

Based upon the work of Graebe 2 ) with 3-bromo, and of Crompton 
and Oyriax 6 ) with 3-ehloro acenaphthene, this sulfonic acid was for¬ 
merly believed to be the 3-sulfonic acid and this belief was further 
strengthened by the work of Morgan and Yarsley, 7 ) who sulfonated 
acenaphthene at 100°, nitrated the product, reduced the nitro to the 
aminosulfonic acid, diazotized this, boiled the diazo compound with 
hydrochloric acid, and stated that they obtained a sultone (XTV). 
The formation of this sultone is mentioned only in the introductory 
portion of their paper. They give no directions or experimental data 
whatever for its preparation, no m. p. or analysis of their product. 

According to Dziewonski and Orzelski, 8 ) this nitrosulfonic acid 
of Morgan and Yarsley was probably the 4-nitro acenaphthene- 
1-sulfonic acid (V), from which of course no sultone should be formed 
by conversion into the corresponding hydroxy sulfonic acid. 

Dziewonski, Galitzerowna and Koc w t a 6 ) also showed that 
Graebe’s analytical calculations for the acid, m. p. 257° (IV), were 
wrong and that (-rompton and Cyriax w r orked with what must 
have been very impure materials. Dziewonski and Zakrzcwska- 
Baranowska 9 ) followed this up by proving that when pure 3-halogeno 
acenaphthenes were used, the results claimed by these investigators 
could not be duplicated. 

The clouds thus thrown upon the previously accepted structure of 
this acid, a structure which Dziew onski 4 ) himself had upheld, and 
particularly the production of the 7-hydroxynaphthoic acid from it, 
as noted above, together with other evidence which need not be 
reviewed here, convinced Dziew onski that this acid was really the 
1-sulfonic and not the 3-sulfonic derivative, a conclusion AvJhich is 
strongly supported by our own experimental w ork recorded beyond. 
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3-Sulfonic Acid (VI) (amide m. p. 222—223°). — Kalle and Co. 10 ) 
treated acenaphthene with chlorosulfonic acid, in an inert solvent 
(nitrobenzene, CHCl z , C 2 H 2 C1 V etc.), at 0—3°, and obtained a com¬ 
pound w r hich they regarded as the 7-sulfonic acid. 

Dziewonski and Stolyhwo 4 ) oxidized this to a sulfo-peri-naph- 
thalic acid (VII), which yielded 4-hydroxy-pm-naphthalic acid (VIII) 
when fused with moist potassium hydroxide, thus indentifying the 
initial compound as the 3-sulfonie acid. 

We are now able to support Pziewon ski’s conclusion concerning 
the structure of this acid, by a series of reactions which do not include 
any caustic alkali fusions (a cause of error in some of the previous 
work). These reactions consisted in the conversion of the sulfonic 
acid to its methyl ester and the preparation of the identical methyl 
ester from the 3-amino acenaphthene, the steps being the following: 

R.N0 2 — R.NH 2 RSCKH 


RSO s Na — \RSOJle\ RSOJSTa 

The sodium sulfonates produced in the two series are, of course, 
also identical, but this identity is not so easily established as in the 
case of the methyl ester w hich has a definite melting point. 

An attempt was made to prove the same thing in a somewhat 
different way, by comparing' the sulfonamide prepared from the sul¬ 
fonic acid with that obtained from 3-amino acenaphthene, as follows: 


RSOJfa HSOJJl 
RNH 2 — RS0 2 H 


\RS()jNJh\ 


These experiments failed because we were unable to convert the 
ferric sulfinate by ammonia and sodium hypochlorite into the sulfon¬ 
amide by the method of Thomas. 11 ) 

4-Nitro- and 4-Amino-3-sulfonic Acid (IX and X). — An application 
was filed in Germany, July 24, 1926, and in England, July 23, 1927, 
for the manufacture of the pm-nitroacenaphthene carboxylic and 
sulfonic acids. The complete specification 12 ) was issued in England, 
December 8, 1927. 

In the United States, a similar patent 13 ) was taken out in 1929, 
in the name of Wilhelm Eckert, which covered only the peri -nitro 
and amino carboxylic acids and made no reference to the sulfonic acids. 
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The early applications for the Brit. Pat. mentioned the preparation 
of the pen-nitrosulfonic acid by sulfonation of acenaphthene at low 
temperature, followed by nitration of the product also at low' tempe¬ 
rature, and reduction of the nitro to the pen-arainosulfonic acid. It 
w as further stated that during the acid reduction of the nitrosulfonie 
acid water was eliminated with ring closure and formation of the 
sultam (XIII), but no details of any kind were given. In the complete 
specification as finally granted, it was merely stated that the peri- 
nitro sulfo could be obtained in good yield from the 3-sulfo acid, and 
this peri -derivative was not specifically mentioned or described else¬ 
where in the patent, w T hich w r as devoted mainly to the pm-nitro- and 
aminocarboxvlic acids. 

Fleischer and Schranz, 14 ) by direct sulfonation of 3-amino ace- 
naphthene, obtained w hat they believed to be the 3-amino-4-sulfonic 
acid (X) because it coupled with diazo compounds. Morgan and 
Varsley, 7 ) however, found it impossible to convert it into a sultone, 
and were of the opinion that it was more probably the 3-amino-1- 
sulfonic acid (XVI). They failed to support this, however, by elimin¬ 
ation of the amino group and identification of the acenaphthene 
sulfonic acid so formed. 

In the experiments which we have described beyond, the acenaph¬ 
thene was sulfonated at 0° with ehlorosulfonic acid, the sulfonic acid 
(VI) so obtained was nitrated at 15—IS 0 , the nitrosulfonie acid (IX) 
reduced to the aminosulfonic (X) and the sulfo group removed by the 
action of sodium amalgam 15 ), 16 ), 4 ), 8 ), 17 ), leaving an amino acenaphthene 
(XII) identical in all respects with the amino acenaphthene (XII) obtain¬ 
ed by reduction of 3-nitro acenaphthene (XI). If the structure of 3-nitro 
acenaphthene is accepted as satisfactorily established, it follows that 
the nitro group in our nitrosulfonie acid (IX) must be at 3. But even 
w ere the structure of the 3-nitro acenaphthene unknown, the evidence 
which we submit beyond for the structure of the 3-nitro-4-sulfonic 
acid (IX) carries with it also the proof of the constitution of both the 
3-nitro acenaphthene (XI) and the acenaphthene 3-sulfonic acid (VI). 

Experiments were also carried out w hose object w as the preparation 
of the methyl 4-nitro-3-sulfonate, so as to compare its melting point 
with that of other methyl nitrosulfonates of acenaphthene, to use it 
as a derivative of definite melting point for the identification of the 
nitrosulfo acid and of its acid chloride, and to prove that whether 
the free 3-sulfonic acid or its acid chloride was nitrated the nitro group 
entered the other pen-position. 
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The steps by which it was sought to prove this were the following: 


C 12 H 9 S0 9 Na 


+ HNO . 


3 NO 

M ^SO z Na 


+ 

, PCk 

c 12 n 9 so 2 ci 


+ HNO 3 


c 12 h s 


no 2 

-S0 2 CI 



c 12 h 


^ no 2 

*^S0 3 Me 


As yet, we have not succeeded in completing this proof. Although 
the nitrosulfonchloride was prepared by nitration of the sulfonchloride 
in acetic anhydride solution, the sodium nitrosulfonate in contact with 
phosphorus chlorides either failed to react or decomposed with for¬ 
mation of tars. The behavior of sodium 1, 8-nitronaphthalene sulfo¬ 
nate 18 ) with phosphorus halides is much the same as that of this 
analogous acenaphthene salt. 

Similar results were obtained when either the sodium or the barium 
salt of the nitrosulfonic acid was treated with methyl sulfate. Neither 
could the methyl nitrosulfonate be secured from the nitrosulfonchloride 
by boiling with absolute methyl or ethyl alcohols, by treating with 
sodium methylate in absolute methyl alcohol solution, 19 ) nor by the 
action of aluminuii! 1 ethylate in absolute alcoholic solution. 

This attack having failed, recourse was had to the method already 
outlined for proving the locatiop of the nitro group in the nitrosulfonic 
acid itself. This involved the reduction of the nitrosulfonchloride to 
the nitrosulfinic acid, oxidation of the latter to the nitrosulfonic acid, 
reduction of the aminosulfonic and elimination of the sulfonic group by 
the action of sodium amalgam. The product was 3-amino acenaphthene, 
identical with that obtained from the free nitrosulfonic acid or by 
reduction of 3-nitro acenaphthene. In the original nitrosulfonchloride 
the nitro group must, therefore, have been in the other peri-position. 

+ HNO s + redn 

C 12 H 9 S0 2 CI - > 0 2 NCuH b S0 2 CI - 


+ ox + redn 

0 2 NC 12 H s S0 2 H -> 0 2 NC l2 H % S0 9 H -* 

4- Na x Hg 

H 2 NC n H 9 SO z H -> H 2 NC n H 9 


In the nitration of the sulfonchloride an isomeric nitro derivative 
was isolated, which has not been further studied, but may be the 
5-nitro-3-sulfonchloride. 
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It is possible that isomers were also formed in small amounts in 
the nitration of the sodium 3-sulfonate and escaped in the mother- 
liquors which were not worked over. 

It is of interest to point out that, whereas the nitration of the 
3-sulfonic acid at low temperatures gives the 4-nitro derivative, Dzie- 
wonski and Orzelski 9 ) have come to the conclusion that sulfonation 
of the 3-nitro derivative at low temperatures gives the 5-sulfonic acid. 
From this 4-aminoacenaphthene-3-sulfonic acid and nitrous acid, by 
a process analogous to that used by Erdmann 20 ) for the preparation 
of the naphthosultone, the corresponding acenaphthosultone (XIV) 
was obtained, thus proving conclusively that the amino group, and 
hence the antecedent nitro group, must have been in the pen-position 
to the sulfo group, i. e. at 4. 

In further support of this conclusion, the synthesis of pen-thiaziries 
(XV) from the 4-nitro-3-sulfonchloride has been completed and will 
be described in another paper. 

Summing up our proof, then, of the constitution of these acenaph- 
thene derivatives, and omitting the intermediate steps, it is as follows: 

3-Nitro —► aipAa-Naphthylamine 


'"a 

3-Amino * 3-Sulfo -~> a/pAu-Naphthol 


4-Nitro-3-sulfo 


* Sultone 
- pen-Thiazines 


Experimental. 

3-Nitroacenaphthene (XI) was prepared by the method of Sachs 
and Mosebach, 21 ) as modified by Morgan and Stan ley, 82 ) with a few 
minor changes. The yield was 74%, m. p. 103° (corr.). Morgan and 
Stanley recorded the m. p. of their product as 106°. It was found 
much easier to purify the amine than to carry further the purification 
of this nitro derivative. 

3-Aminoacefiaphthene (XII). — The 3-nitro acenaphthene was re¬ 
duced with as described by Fleischer and Schranz; 14 ) yield, 

approximately 80%; m. p., 107-5° (corr.), compared with’a m. p. of 
108° given by Morgan and Stanley. 22 ) 

This same compound was obtained by the action of 5% sodium 
amalgam upon an aqueous solution of sodium 3-amino-4-sulfonate; 
yield, 82% (before final purification), m. p., 107-5° (corr.); mixed with 
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the above reduction product of 3-nitro acenaphthene, no change in 
melting point occurred. 

AcenaphtheneS-sulfmic Acid , C U H 9 80 2 H . — 3-Amino acenaphthene 
was diazotized at 0—5° and converted into the sulfinic acid by the 
action of S0 2 in the presence of copper powder. 23 ) The acid was extracted 
from the copper by dilute ammonium hydroxide and precipitated at 
5° with concentrated hydrochloric acid, or it was precipitated as the 
insoluble stable orange ferric salt. 

A still more convenient method for the preparation of the acid 
consisted in the reduction of the sulfonchloride by sodium sulfite and 
sodium bicarbonate. 

The free acid formed very unstable colorless needles. On drying, 
or even on recrystallization, it decomposed, apparently with partial 
air oxidation to the sulfonic; acid and partial compensating oxidation 
and reduction to sulfonic acid, mercaptan and tar. 

The sodium salt, in aqueous solution, was easily oxidized by neutral 
potassium permanganate to the corresponding sulfonic salt. 

All attempts to oxidize the ferric salt to the sulfonamide, by the 
action of ammonia and sodium hypochlorite, 11 ) failed and no pure 
compounds could be isolated from the tars formed. 

Acenaphthene-3-Sulfonic Acid (VI). — The acenaphthene, in nitro¬ 
benzene solution, was treated at 0° with chlorosulfonic acid, follow¬ 
ing the procedure of Dziewbnski and Stolyhwo, 4 ) based upon 
the patent of Kallc & Co. 10 ) The sodium salt was obtained in lustrous 
colorless plates, which were sucked as dry as possible upon the filter 
and then dried finally at 130°; yield, 92%. 

When the 3-sulfinic acid was dissolved in sodium carbonate solution 
containing a small amount of sodium hydroxide and oxidized by the 
addition of neutral potassium permanganate solution until a filtered 
sample no longer gave any precipitate when acidified with hydro¬ 
chloric acid (excess of alkaline or neutral permanganate oxidizes the 
methylene groups of the sulfonic acid very easily), the sodium sulfonate 
was precipitated by concentrating and adding sodium chloride. After 
re-solution and re-precipitation, the yield of sodium salt was 6-7 g from 
10 g of initial 3-amino acenaphthene, or 44*5%. 

Methyl Ester . — This sodium sulfonate prepared from 3-amino ace¬ 
naphthene as initial material was changed to its methyl ester by the 
action of methyl sulfate. Crystallized from ligroin, and from methanol, 
this ester formed colorless needles, m.p. 131*0—132*0° (corr.); yield, 72%. 
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Anal . Calcd. for C lz H l2 O z S: C , 62*87; H , 4*87. Found: ( 7 , 62*74; #, 
4*95. 

For purposes of comparison, this methyl ester was prepared similarly 
from the sodium sulfonate obtained by direct sulfonation of acenaph- 
thene. The yield was 74%, the form and appearance of the crystals 
the same, the m. p. and mixed m. p. identical. 

Anal. Calcd. for C\ z H l2 O z S: 6\ 62*87; //, 4*87. Found: (K 62*74; 
H , 5*07. 

Ethyl Ester. — Prepared by refluxing the sulfonchloridc with abso¬ 
lute alcohol, in practically the same way as Dziewonski and Sto- 
lyhw'o, 4 ) it formed long colorless needles, m. p., 140*0— 141-0° (eorr.); 
yield of crude product, 75%, Dziewonski and Stolyhwo reported 
its m. p. as 137—139°. 

Anal. Calcd. for C 14 HJ) Z S: C, 64*07: //, 5*38. Found: < 7 , 64*07; 
H . 5*23. 

H-Sulfonchloride. — This was prepared in crude state by Dzie¬ 
wonski and Stolyhw o, 4 ) by the action of phosphorus pentachloride 
upon the sodium sulfonate. We, therefore, worked out a method of 
purification, in order to characterize the pure compound. Since those 
experiments were completed, an article has appeared by Dziew onski, 
Krasowskaand Schoenow^na, 24 ) likewise covering the purification, 
analysis, melting point and other properties of this sulfonchloridc. 
These results agree substantially with our own. Crystallized from 
ligroin, our product formed large flat needles, which softened at 109° 
and melted at 110—111 0 (corr.). They reported their product as small 
colorless needles, m. p. 109—111 0 . It was soluble in ether, acetone, 
ethyl acetate, glacial acetic acid, and chloroform, as w r ell as in ligroin. 

Anal. Calcd. for C 12 H Q 0 2 SCl : C\ 57*01; //, 3*59. Found: C, 56*99; 
//, 3*93. 

Our method of purification differed from that of Dziewonski, 
Krasow^ska and Schoenowna, and was as follows, the details being 
important: 

To 1500 of sodium 3-acenaphthene sulfonate, ground to *t- 70 mesh, 
dried at 130°, and contained in a lightly corked balloon flask in an 
ice and water mixture, there was added all at once 165 g of pulverized 
phosphorus pentachloride and the mixture was vigorously shaken. 
The reaction began promptly, w ith liquefaction and rise of temperature, 
which latter was controlled by immersion in an ice-bath. Upon termin¬ 
ation of the reaction, the mixture was allowed to stand for about 



20 minutes, with occasional gentle warming to prevent solidification. 
It was then poured in a fine stream into a mixture of ice and water. 
After stirring until the product was granular, it was filtered out, 
ground under ice water in a mortar, collected and dried on porous 
plates; yield, 128 g. This tan-colored crude was dissolved in 90—95 cc 
of warm benzene and four volumes of gas-machine gasolene was stirred 
in slowly. This precipitated most of the tar and extracted about 1 / 3 of 
the acid chloride. The tar was permitted to settle. The clear supernatant 
liquid was decanted and evaporated to dryness by a gentle air blast. 
The tarry residue was treated thrice more with benzene and gasolene, 
and the extracts similarly evaporated. The chloride so obtained formed 
long yellow needles, m. p. 91—100°: yield, 100 g . 

Further purification was effected by crystallization from ligroin 
(b. p. 80—110°), using 7 cc of solvent per g of chloride. The 100 g 
of m. p. 91—100° gave 68 g of m. p. 100—106°, the final purification 
of which was accomplished by re-crystallizations from ligroin. 

4-Nitroacenaphthene-3-sulfinic Acid. — A finely ground mixture of 
5 g of the 4-nitro-3-sulfonchloride with 3-2 g of sodium bicarbonate 
was added to a solution of 2 -6g of anhydrous sodium sulfite in 20 cc 
of wtater, and the whole was warmed at 30—40° until the evolution 
of carbon dioxide set in. It w as allow ed to stand until a clear orange-red 
solution was obtained, w f ith occasional warming when the reaction 
flagged. The solution was then diluted with water to about 100 cc , 
cooled to 5°, and the nitrosulfihic acid precipitated by the addition 
of concentrated hydrochloric acid. After standing for 15—20 minutes, 
the bright yellow precipitate was removed and washed two or three 
times with dilute hydrochloric acid. It was not further purified or 
analyzed, but w r as oxidized directly to the sulfonic acid. 

4-Nitrmcenaphthene-3-sulfonic Acid (IX). — To 60 cc of well stirred 
glacial acetic acid, 60 g of sodium 3-acenaphthene sulfonate, dried 
at 130° and ground to It 70 mesh, was added slowly and then 30 cc 
of pale yellow^ nitric acid, of sp. gr 1-6, was dripped in gradually. The 
temperature of the solution was 15—18° at first, but was lowered 
gradually to 10° as the nitration proceeded. After all the nitric acid 
had been added, the temperature was kept at 0—10° for 15 minutes, 
the mixture then poured into 900 cc of water, well stirred and filtered. 
The filtrate was precipitated cold by the addition of 324 g of sodium 
chloride, the precipitate collected, redissolved in 500 cc of hot water 
and precipitated hot with 160 g of sodium chloride. Dried on porous 
plates and then at 120°, the yield w^as 59-5 g , or 85%, and of course 
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contained some sodium chloride. It formed a bright yellow powder 
freely soluble in water. In alkali solutions, it was unstable. Neither 
lead, barium, nor silver salts, could be precipitated from the aqueous 
solution of the sodium salt, and attempts to prepare an acid chloride 
resulted only in decomposition. 

For analysis, the sodium salt was crystallized from 60—70% alcohol, 
in which saturated solutions were secured only after long boiling. 

Anal . Calcd. for C lit H B 0 n N8Na: C , 47-82; //, 2-68; Na^O x , 23*59. 
Found: C y 47-79; H y 2*83; Na^O^ 23-52. 

When the sodium salt was treated with methyl sulfate at room 
temperature, no reaction occurred even on long standing. If the mix¬ 
ture was heated, tars were formed, from which we were unable to 
isolate any pure products. 

This same nitrosulfonic acid was obtained by the oxidation of the 
4-nitro-3-sulfinic acid. The latter was dissolved in water by adding 
solid sodium bicarbonate slowly until on warming no solid remained 
and no carbon dioxide was evolved. The clear orange solution which 
resulted was cooled to 15° and oxidized by gradual addition of an 
aqueous solution of potassium permanganate and magnesium sulfate. 
The oxidation was practically instantaneous. The combined filtrate and 
washings from the inorganic precipitate was clear yellow and contained 
the nitrosulfonic acid. It was reduced directly to the aminosulfo acid 
as mentioned beyond, from which in turn 3-amino acenaphthenc was 
prepared as already described. 

4-Nitroacenaphthene-3-sulfonchloride. — The nitration of acenaph- 
thene 3-sulfonchloride proved unexpectedly troublesome. The methods 
used by Bogert and Bartlett, 25 ) by Bender and Erdmann, 26 ) and 
by Reissert, 27 )gave unmanageable tars. It was finally accomplished 
by using a nitric acid of sp. gr 1*5, which had been boiled to remove 
oxides and then cooled. This specially prepared nitric acid (40 cc) was 
added to a suspension of the sulfonchloride (100 g , m. x>. 100—106°) 
in acetic anhydride (100 cc) at 10°. 

After about half of the nitric acid had been added, precipitation 
of the nitrosulfonchloride compelled the gradual addition of 70—80 cc 
more of the acetic anhydride. Upon the conclusion of the nitration, 
stirring of the reaction mixture was continued for 5—10 minutes and 
it was then poured into a mixture of ice and water. The granular 
precipitate, washed with water and dried on porous plates, was pale 
yellow and weighed 117 gr. Most of the tarry impurities were dissolved 
out by rubbing the compound with ether in a mortar. There remained 
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then 104 g of product, m. p. 120—130°, which contained, in addition to 
the chloride sought, at least one other isomer. 

The separation of this mixture and the purification of the products, 
proved difficult and unsatisfactory. The finely ground crude was added 
all at once to eight times its weight of glacial acetic acid at 85—90°. 
When the temperature reached 100° (not higher), the mixture was 
filtered quickly with suction and the filtrate allowed to cool to room 
temperature in the suction flask. The material on the filter, though 
dark in color, was quite pure 4-nitroacenaphthene-3-sulfonchloride. 
From the cooled acetic acid filtrate, there crystallized rosettes of fine 
opaque needles. The combined weight of this and what was collected 
in the first filtration amounted to about 42 g , melting at 145—150° 
or higher. This material was extracted by refluxing with chloroform 
(previously distilled over sulfuric acid, to remove any alcohol) and 
the hot chloroform extracts precipitated by the gradual addition of 
petroleum ether. The 4-nitro derivative was thus obtained in fine pale 
yellowish needles, which were nearly pure; yield, about 20%. 

For analysis, a sample was crystallized from pure chloroform. Ro¬ 
settes of fine yellow needles resulted, which generally became opaque 
on drying. Placed in the bath at 180° (corr.) and raising the temperature 
(5° per minute, the compound decomposed vigorously at 190*3—191*3° 
(corr.). Placed in the bath at 170° (corr.), and raising temperature 
10° per minute, it darkened immediately, and decomposed vigorously 
at 189*3—190*3° (corr.). 

Anal. Calcd. for < 7 , 48-39; //, 2*71; N, 4*71. Found: 

C\ 48*20; H, 2-06; N, 4*96. 

Boiling water decomposed this chloride, but no free sulfonic acid 
could be isolated. Towards alkali, it exhibited the same instability 
as the nitrosulfonic acid. Efforts at esterification proved futile. 

Attempts to prepare this same compound from the sodium nitro- 
sulfonate failed. With phosphorus pentachloride tars resulted, as 
Cleve 18 ) found in the naphthalene series and this hap])ened even when 
the phosphorus pentachloride w as diluted with phosphorus trichloride 
or phosphorus oxychloride. Neither phosphorus trichloride nor phos¬ 
phorus oxychloride alone reacted w ith the sodium salt. 

A n Isomeric Nitrosulfonchloride. — From the acetic acid motherliquors 
of the 4-nitro-3-sulfonchloride, there was isolated an appreciable amount 
of an isomeric nitrosulfonchloride, which formed long needles, of a pale 
creamy yellow color, which melted without decomposition at 167*5 to 
168*5° (corr.). Mixed with the 4-nitro isomer, the m. p. w r as about 140°. 
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Anal Calcd. for C l2 H B 0 A NSCl: C, 48*39; H , 2*71; N, 4*71. Found: 
C, 48*59; H , 2*68; N, 4*94. 

In all solvents tested it was much more soluble than its pen-isomer. 
The location of the nitro group was not determined, but Dziewonski 
and Orzelski 8 ) sulfonated 3-nitro acenaphthene at low temperature 
and obtained a nitrosulfo acid which they concluded carried its sulfo 
group at Position 5. It seems probable therefore that this isomeric 
sulfonchloride is the 5-nitro-3-sulfonchloride. 

4-Aminofwenaphthene-3-sulfonic Acid (X). — A solution of 10 g of 
sodium 4-nitro-3-acenaphthene sulfonate in 150 cc of water was warmed 
with excess of zinc shavings (previously washed with dilute hydro¬ 
chloric acid containing a few drops of copper sulfate solution) and 
hydrochloric acid until practically all color had disappeared and the 
precipitation of aminosulfonic acid had ceased. The precipitate was 
collected, heated with excess of dilute sodium bicarbonate solution 
containing a little sodium sulfite, the mixture filtered hot and the 
hot filtrate precipitated with hydrochloric acid. The amino acid thus 
obtained appeared in minute pale tan rods, which were washed care¬ 
fully with water, alcohol and ether; yield, 4*55 r/, or 55%. It w T as 
re-crystallized from water, using the calculated amount of sodium 
bicarbonate, acidifying in the presence of sulfur dioxide and drying 
the product at 110°. 

Anal. (’aled. for (\ 2 H n 0 3 NS: C\ 57*79; //, 4*45. Found: G, 57*80; 
//, 4*70. 

Acev aphtha suit one (XIV). — 4-Aminoaceuaphthene-3-siilfonic acid 
was diazotized, hydrochloric acid was added and the diazo solution 
boiled until the evolution of nitrogen ceased. The sultone precipitated; 
yield, 50%. It was crystallized first from benzene and then from alcohol, 
giving long colorless needles, m. p. 173° (con.). 

Anal . Calcd. for C n H/)^S : 0, 62*04; if, 3*47; S, 13*81. Found: 
0, 62*09 and 62*01; H, 3*59 and 3*61; S, 13*47. 

It was not changed by cold aqueous ammonium or sodium hydroxide 
solutions. Alcoholic ammonia dissolved it slowly cold, more easily hot, 
to a clear yellow solution. Hot aqueous sodium hydroxide solution 
dissolved it readily. 


Summary. 

1. A series of experiments are recorded by which the structures 
of the following acenaphthene derivatives have been definitely estab- 
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tished: 3-nitro, 3-sulfonic acid, 4-nitro-3-sulfonic acid and 4-amino-3- 
sulfonic acid. 

2. This proof avoids the caustic alkali fusions and coupling reactions 
whose interpretation has been the cause of much of the confusion 
heretofore existing in the literature. It shows conclusively that, like 
naphthalene, when acenaphthene is nitrated or sulfonated, in an inert 
solvent, at or near 0°, the substituent enters position 3, i. e. para 
to the ethylene bridge and corresponding to the alpha position in the 
naphthalene nucleus. This corroborates the conclusions of Dziewon- 
ski, Galitzerowna and Kocwa. 

3. It is shown also that, again like naphthalene, when 3-acenaph- 
thene sulfonic acid, or its chloride, is nitrated at low temperature, 
the nitro group goes chiefly to the other pen-position. This confirms 
the unproven claim made in a recent I. G. Parbenindustrie Aktien- 
gesellschaft patent. 

4. The constitution assigned to 4-nitro acenaphthene-3-sulfonic acid 
is further substantiated by its reduction to the corresponding amino- 
sulfo acid, the conversion of the latter into the sultone, and the forma¬ 
tion of pen-thiazines from the 4-nitro-3-sulfonchloride. 

5. Prom the structure established for this 4-amino-3-sulfo acid, that 
of 3-amino, and therefore of 3-nitro acenaphthene follows, since elimin¬ 
ation of the sulfo group from the 4-amino-3-sulfo acid leaves the same 
amino acenaphthene as is obtained by direct reduction of the 3-nitro 
acenaphthene. This confirms the conclusions of Graebe, upon which 
much of the proof of structure in the acenaphthene field rests. 

New York, N. Y. 

Contribution frou the Chemical Laboratories 
of Columbia University. 
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SYNTHfeSE 

DU 4-n-PROPYLNOMDfiCANE ET DU 5-n-BUTY LEICOSANE 

par S. LANDA, J. CECH et. V. SLlVA. 

Bien que nous ayons prepare jusqu'ici plusieurs paraffines et olefines 
sup^rieures k chaine lat^rale arborescente, 1 ) leur nombre n’est cepen- 
dant pas suffisant pour une etude approfondie de ces hydrocarbures 
dans diverses directions comme par exemple en ce qui concerne l’influ- 
ence qu’exerce la chaine lateral© sur rindice d’iode, etc. 2 ) 

Dans le present travail nous deerivons la preparation du 4-propyl- 
nonad6cane et du 5-butyleicosane. Ellc est sensiblement la meme que 
pour les hydrocarbures decrits anterieurement. 

Pour 1 mol. gr de palmitate d ethyle (284 gr) nous avons employ^ 
97 gr de magnesium (exces de 100%) et 500 gr de bromure de propyle 
normal dans 1 litre et demi d’ether. Le palmitate a ete introduit, lui 
aussi, en solution ctheree. Apres un repos de 24 heures, lether a ete 
partiellement chasse par distillation, le residu a ete decompose par 
de Feau et de l’acide sulfurique dilue (1:5). Le produit a ete debarrasse 
de son ether par un courant de vapeur d’eau, lave successivement 
k Feau et avec une solution etendue de potasse carbonate© et, enfin, 
dess4ch6 dans un courant d’air chaud. 

Une determination de Findice de saponification nous a montre que 
la totality du palmitate initial etait entr6e en reaction pour former le 
dipropyl-pentad^cylcarbinol. Un dosage par le procede Cerevitinov 
a revele dans le produit 3*6% de OH , alors que la theorie en exige 5*22 %. 
Llndice d’iode etait de 24*5 au lieu des 81*8 calculus pour une olefine 
Le produit renfermait done environ 70% d’alcool tertiaire et 
30% d’otefine. Nous nous sommes efforces de le debarrasser de cette 
derniere par des cristallisations dans Falcool, Father, Fac^tate d’^thyle, 
le benzene, Fessence, le t6trachlorure de carbone, sans toutefois r&issir. 
Ce n’est qu’apr&s une d^shydratation ult^rieure par refroidissement 
k 0° que le dipropylcarbinol s’est depose dans un melange renfermant 
80% d’ol&ine et 20% de carbincl, Une eristallisation trois fois r6p6t£e 
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dans 1’alcool et le benzene amena le corps au point de fusion de 44-5° 
qui restait fixe lore des cristallisations ulterieures. Le produit consti- 
tuait alors le propylnonadecanol pur, ainsi que Font confirme le dosage 
de l’oxhydryle (Cerevitinov) et 1 ? analyse elementaire. 

Dosage de YOH (Cerevitinov): 

Substance: 0-3930 gr , G7/ 4 26-70 cc (0°, 760 mm). 

C 22 // 4fl 0: Calcule OH 5-22%. 

Trouve OH 5-19%. 

Analyse elementaire: 

Substance: 0-2000 gr , C0 2 0-5921 gr , H 2 0 0-2556 gr. 

C 22 H M 0: Calculi C 80-89%, H 14-21%. 

Trouve C 80-74%, H 14*25%. 

4-Propvlnonadecene-3. 

11 a ete prepare en chauffant le dipropyl-pentadecylcarbinol avec du 
chlorure de zinc; anhydre a 110—115° sous la pression ordinaire. 
L’allure de la deshydratation a ete controlee toutes les deux heures. 

Au bout de 2 heures il restait 45-0% de carbinol inaltere 
I „ 20-7% 

,, 6 ,, 150% „ 

8 „ 8-3% 

10 „ 6-5% 

„ 12 „ 4-0% 

Un chauffage prolonge au-dela de 12 heures s’est montre impuissant 
a rabaisser la teneur en OH au-dessous de 3%. Les dernieres traces 
d'alcool out ete eiiminees au moyen de bromure d’ethylmagnesium. 
II a ete ajoute, en quantite calcuiee, en solution etherae; apres me¬ 
lange, on a distilie d’abord sous pression atmospherique, puis sous 
10 mm de mercure dans un courant d’acide carbonique sec. De cette 
maniere, F61imination du carbinol a ete quantitative. L’oiefine obtenue 
est im liquide incolore, insipide et inodore, distillant entre 204 et 
206° sous 10 mm de mercure. 

Analyse elementaire: 

Substance: 0-2007 gr , C0 2 0-6317 gr , H 2 0 0*2574 gr. 

C^H". CalcuieC 85-62%, H 14-38%. 

Trouve C 85-84%, H 14-25%. 
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Refraction et dispersion: 


nl 3 ' 1 = 1-45352, n™' 1 = 1-45568, 

M u 

C&Hi A : Trouve 10300 

Calcule 102-84 


n 1 / 1 - - 1-46238, wj 3 ' 1 

- 1-46716. 

M d 


Mr-** 

103-49 

1-70 

2-70 

103-33 

1-69 

2-68 


Viscosites absolues et poicls specifiques: 


temperature 

viscosite 
absolu o 

poids 

specifiipie 

0° 

0-17158 


10" 

0-11650 

0-8116 

20° 

0-08248 

0-8044 

30" 

0-06130 

0-7982 

40" 

0-04717 

0-7920 

50" 

0*03738 

0-7858 

60" 

0-03337 

0-7793 

70° 

0-02521 

0-7710 

80° 

0-02130 

0-7652 

90" 

0-01730 

0-7588 

99" 

0-01598 

0-7525 


Pour decider lequei des deux propylnonadecenes (presentaut la 
liaison ethylenique soit en 4, soit en 3) prend naissance dans la deshy- 
dratation,nous nous sonnnes adresses k la reaction au permanganate en 
solution aqueuse. A cet effet, 30 gr d’olefine a essayer out etc agites, a la 
temperature du lahoratoire, avec le reactif perrnanganique aussi long- 
temps qu’il y avait decoloration. Le bioxyde de manganese forme a ete 
recueilli sur filtre, desseche, puis ex trait a V ether absolu. Cette opera- 
tion a donne 9-0 gr d’un extrait dont la cristallisation dans Talcool et le 
benzene a abouti a un produit fondant a 50-5°, ce qui est le point de 
fusion de la propyl-pentadecylcetone. Dans le filtrat apres le bioxyde 
de manganese on a recherche la presence de la dipropylcetone, toute- 
fois sans r^sultat. Dans le meme filtrat, apr&s distillation dans un 
courant de vapeur d’eau, on a pu constater la presence de racide 
propionique. Le sel d argent respectif renfermait 59-60% d’argent, la 
th<k>rie en exige 59-60%. La scission oxydante a done prouve que le 
seul produit de la deshydratation est le 4-propylnonad6c£ne-3. 
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4-Propylnonadecane. 

11 a EtE prEparE & partir du propylnonadEcene par fixation d’hydro- 
gene sous pression ©t en presence de nickel. La temperature maximum 
Etait de 140°, la pression initiale de 90 atmospheres. 

AprEs Elimination du nickel par filtration la paraffine obtenue a ete 
rectifiee sous 10 mm de mercure. Le point d’Ebullition etait entre 
210 et 211° sous la dite pression. 

Analyse elementaire: 

Substance: 0*1705 gr , C() z 0*5497 gr , H 2 0 0*2358 gr. 

( m 22 // 46 : Calcule (1 85*00%, II 14*94%. 

Trouve C 84*94%, H 14*90%. 


Le propylncmadEcane fond a 0*5°, mais il subit aisement la surfusion 
(jui peut atteindre 25° et mcme davantage. 

Refraction et dispersion: 


1*44019, 

=- 1-44855, 

n\' 

n 

1-45300, « 110 =r- 1-45000. 
/ 


K. 


fe; 

r 

fe 

1 

( 22 ^ 40 : TlOUVC 

103-34 


103-81 1-50 2-56 

Calcule 

103-33 


103-70 1-60 2-54 

Viscosites absolues et poids specifiques: 

temperature* 

viscositt- 

ubsolue 


poids 

spEcitiquu 

0° 

0-18002 <jr 

cm 

sec ' 1 0*8109 

io'» 

0-10008 


0*8039 

20° 

0-08807 


0*7908 

30* 

0-06453 


0*7890 

40° 

0-04854 


0*7830 

50" 

0-03827 


0*7771 

fi()» 

0-03061 


0*7704 

70° 

0-02534 


0*7038 

H0“ 

0-02148 


0*7575 

90° 

0-01843 


0*7511 

09° 

0-01015 


0*7441 


5-B utyleic osane. 

Sa preparation a ete analogue a cell© de l'hydroearbure precedent 
(palmitate d'Ethyle + bromure de butylmagnesium). Le butyleicosanol 
forme a EtE dEshydratE soit par le chlorure de zinc anhydre, soit par le 
bromure d’EthylmagnEsium. L’olEfine obtenue a ete transformEe en 
paraffine par I’hydrogene sous pression. 
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5-Butyleicosanol-5. 

Dans sa preparation le magnesium et le bromure de butyle ont ete 
employes en quantite deux fois theorique. 

Le palmitate est entierement entre en reaction. Le produit obtenu 
devenait solide a 18° et constituait un melange de carbinol et d’oiefine. 
La cristallisation dans les sol van ts usuels s’est montree impuissante 
a separer ces deux constituants. Ce n’est qu’apres un traitement des- 
hydratant au chlorure de zinc, qui a eu pour effet d’augmenter 
la proportion de F olefine, qu’il a ete possible de separer, par refroi- 
dissement a 0°, du carbinol assez pur, la cristallisation duquel (dans 
l’alcool et le benzene) a enfin fourni le butyleicosanol pur, fusible k 50°. 

Dosage de YOH (Cerevitinov): 

Substance: 0-1846 gr, CH A 11-5 cc (0°, 760 mm). 

C 2l H 60 O: Calcuie OH ’4-79%. 

Trouve OH 4-78%. 

Analyse eiementaire: 

Substance: 0-2000 gr , C0 2 0-5970 gr , H 2 0 0-2855 gr. 

C 2 ,H 50 O: Calcuie C 81-27%, H 14-22%, 0 4-51%. 

Trouve C 81-42%, H 14-28%, O 4-30%. 

5-Butyleicosene-5. 

Le butyleicosanol a ete chauffe a 100—110° avec 10% de chlorure 
de zinc. Voici Failure de la deshydratation: 

Au bout de 2 heures il restait 58-1 % d’alcool 

„ 4 „ „ 22-7% „ 

„ 6 „ „ 13-5% „ 

„ B „ „ 10-0% 

Le refroidissement du melange final a 0° en separa 7-3% d’alcool 
a l’etat cristailise, le rest© a ete elimine par distillation avec du bromure 
d’ethylmagnesium sous 10 mm de mercure. Une double rectification 
a fourni l’hydrocarbure sous forme d’un liquid© incolore, distillant 
entre 219—221° sous 10 mm de mercure. 

Analyse eiementaire: 

Substance: 0-2295 gr , C0 2 0-7210 gr, H 2 0 0-2980 gr. 

C u H A8 : Calcuie C 85-62%, H 14-38%. 

Trouve C 85-59%, H 14-44%. 
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L'oxydation du butyleicosene a ete effectuee comme pour le propyl- 
nonad^cene. 10 gr d’olefine ont fourni 8-3 gr de butylpentadecylcetone, 
corps nouveau, pas encore signal^ dans la literature. A cote de la 
c6tone il s’est form6 de Tackle butyrique, qui a ete identifie a l’etat 
de son sel d’argent. 0*3898 gr de ce dernier ont laisse 0*2164 gr d’argent. 
Cela correspond k 65*50% d’Ag, alors que la teneur calcul^e pour 
CJi 7 0 2 Ag est de 55*34% Ag. 

La butylpentadecylcetone est un corps blanc, d’aspect paraffine, 
fusible a 52°. Elle est aisement soluble dans Tether, le benzene, moins 
soluble dans Talcool. Ces deux derniers solvants se pretent bien a sa 
cristallisation. 

Analyse elementaire: 

Substance: 0*1220 gr , C0 2 0*3620 gr , H z O 0*1500 gr. 

C 20 H A0 O: Calcule C 80*99%, H 13*61%. 

Trouve C 80*92%, H 13*66%. 

Les produits d’oxydation qu’on vient de signaler mettent en Evidence 
que dans la d6shydratation du dibutyl-pentadecylcarbinol la seule 
olefine formee est le 5-butyleicosene-4. 

Refraction et dispersion du 5-butyleicosene-4. 



M a 

M n 

M r:-" 

M 

Y— fl 

C 24 // 48 : Trouve 

112*12 

112*68 

1-92 

3*13 

Calcule 

112*03 

112*56 

1-83 

2*94 

Viscosites absolues et 

poids spedfiq 

ues: 



temperature 

viscosite 

absolue 


poids 

specifique 


0° 

0*24629 gr cm ~~ 1 sec— 

1 0*8205 


10° 

0*15981 


0*8139 


20° 

0*10938 

> * 

0*8077 


30° 

0*08008 

> > 

0*8018 


40° 

0*06032 


0*7951 


50® 

0*04708 


0*7889 


60® 

0*03742 

>» 

0*7821 


70® 

0*03059 

tt 

0*7755 


80® 

0*02543 

a 

0*7694 


90® 

0*02174 

>» 

0*7631 


99® 

0*01890 


0*7568 
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5-Butyleicosane. 

L’hydrogenation de Folefine a ete operee par de 1’hydrogene sous la 
pression initiale de 90 atmospheres, en presence de nickel finement 
divis6. 

La paraffine obtenue constitue un liqnide incolore, distillant entre 
222 et 223° sous 10 mm de mercure, devenant 'solide k + 8°. II est 
enclin k la surfusion, qui peut atteindre 20° et meme davantage. 

Analyse Piementaire: 

Substance: 0-2294 gr , C0 2 0-7145 gr, H 2 0 0-3060 gr. 


C, t H w : 

Calcule C 85*11 %, H 14-89%. 
Trouve O 84-94%, H 14-81 %. 


Refraction et dispersion moleculaires: 




M n 

"a- 


C 24 // 50 : Trouv6 

112-47 112-92 

1-73 

2-63 

Oalcule 

112-53 113-02 

1-73 

2-76 

Viscosity absolues et poids specifiques: 



temperature 

viscosite 

absolue 

poids 

spoeifique 


0° 


0-8150 


10° 

0-19521 gr cm -1 sec 

0-8080 


20° 

« 

0-12913 

0-8012 


30° 

0-09047 

0*7943 


40° 

0-06641 

0-7881 


50° 

O-OoOOO 

0-7815 


60° 

0-03965 

0-7761 


70° 

0-03213 

0-7698 


80° 

0-02654 

0-7630 


90° 

0-02449 

0-7567 


99° 

0-01976 

0-7499 



Chaleur de combustion 11.054. 

Chaleur de combustion moleculaire: 3.74] Cal. 


Institut de Technologie des Combustibles 
a l 7 $ cole Poly technique tcheque de Prague 
( Tchecoslovaquie). 
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INFLUENCE OF PARCHMENT MEMBRANE ON THE TRANSPORT 
NUMBERS OF CATIONS IN SOLUTIONS OF SODIUM AND BARIUM 

CHLORIDES 

by J. BABOROVSKY and O. VIKTORIN. 

In attempting to explain the discrepancies between the numerical 
values of the electrolytic water transport and of the cation transport 
numbers respectively, obtained bv analysis of both the cathodic and 
the anodic solutions in the electrolysis of aqueous solutions of the 
chlorides, bromides and iodides of alkali metals, alkaline-earth metals 
and hydrogen {HOI, HBr and III) in the presence of parchment mem¬ 
brane J. Baborovsky 1 ) put forward the opinion, that the behaviour 
of this membrane has two aspects: In very dilute solutions electro¬ 
osmosis is the chief factor, and the parchment membrane is swollen 
therein to a relatively considerable degree. At all dilutions of the 
above-mentioned, electrolytes the mobility of the anions is lessened 
by their adsorption. At low concentrations the swollen parchment 
membrane also reduces the mobility of the cations, whereas at higher 
concentrations the swelling of this membrane decreases to a certain 
degree, the mobility of cations being thereby increased. Thus, besides 
electro-osmosis at very small concentrations, there also comes into 
play a decrease of swelling of the membrane at higher concentrations. 

To support this opinion experimentally we measured the electro¬ 
motive forces of concentration cells with transport, using partly sodium 
chloride partly barium chloride as electrolytes, one series of measure¬ 
ments being made with, the other one without a parchment membrane. 
The electromotive force of the concentration cells with transport and 
without the membrane was determined in an apparatus consisting of 
two 17-tubes provided with narrow side-tubes, bent in the manner of 
a siphon, which dipped into an intermediate vessel. The electrodes 
were fixed by means of plugs within those arms of the U -tubes con¬ 
taining the electrode solutions, these arms not being provided with 

x ) J. Baborovsky: Chem, Liaty , 1932, 20, 474; J. Baborovsky and 
A. Wagner; Z. pkysikal. Chem., A. 1933, 103, 122. 
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the siphon-like tubes. The electrodes were platinum plates heavily- 
silvered electrolytically and covered with electrolytically formed silver 
chloride. 2 ) The intermediate connecting vessel always contained a so¬ 
lution the concentration of which lay about half way between those 
of the electrode solutions. It was ascertained, as is already known 
from literature, that the electromotive force of a concentration cell 
with a liquid junction does not depend on the concentration of this 
solution, when this concentration has a value lying between those of 
the electrode solutions. The electromotive force of the concentration 
cells with transport and with the membrane was measured in a bi¬ 
partite apparatus as used by us for estimating hydration of ions and 
described in our former communications. The parchment membrane 
was leached out with frequently changed water and fixed in its position 
in the usual way, as previously described. It is to be emphasized, 
that the fixed membrane‘was flattened over filter paper by means 
of a warm glass rod, as in our former experiments, so that it was 
covered on its surface with a thin layer of paraffin. The electromotive 
force was measured by means of a Leeds and Northrup Jf-type 
potentiometer using a galvanometer w r ith a sensitivity of 5*3.10~~ 9 
amp ./mm. The whole cell investigated, together with the intermediate 
vessel, was immersed in a thermostat 3 ) the temperature of which was 
maintained constant at 25*00 i 0*03° C. The solutions w r ere prepared 
from the purest Kahlbaum samples “mit Garantieschein , \ The concen¬ 
tration of sodium chloride is given in moles per 1 litre of the solution, 
for barium chloride in moles per lOOOgrrsof w ater (in order that the data 
obtained may be more easily compared w r ith those given in literature). 

The electromotive force of the cells without membrane does not 
change at all with time, that of the cells with membrane changes on 
the w r hole very slightly in the lapse of two hours (except with the 

*) The platinum plate 9 x 20 ram was first treated with concentrated nitric 
acid, rinsed thoroughly with distilled water, and then covered with a thick layer 
of silver, deposited on it by electrolyzing a water solution of the complex potas¬ 
sium silver cyanide during 15 hours with a current of 4 to 6 milliamp. The 
deposit was then washed for about 24 hours with frequently changed distilled 
water, and covered afterwards with a layer of silver chloride by electrolyzing 
for 20 minutes with a current of 4 to 6 milliamp. a solution of sodium or barium 
chloride resp., having the sarqe concentration as that of the corresponding 
solution m the concentration cell into which the electrode dipped. Only in the 
very dilute solutions the covering of silver chloride could not be prepared by 
electrolyzing such dilute solutions, but by electrolysis of a 0*1 -normal solution 
of sodium chloride or a v 0*01 -normal solution of barium chloride. 

3 ) See V. tupr: Z. Elektrochem 1931, 37, 129. 
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most dilute solutions). The values found are contained in Table I for 
sodium chloride and in Table II for barium chloride; their last column 
gives the difference, A, between the electromotive forces of the cells 
with and without the membrane. For sodium chloride the electro¬ 
motive force of the cells with membrane is larger than that of the 
cells without membrane at all concentrations, the difference between 
both increasing with decreasing concentration. The behaviour of the 
barium chloride solutions is somewhat more complicated. At concen¬ 
trations higher than the ratio 0*1 :0-01 the presence of the membrane 
causes a decrease, at those lower than this ratio, on the contrary, an in¬ 
crease of the electromotive force. The difference A increases on both 
sides the more, the farther we are from the concentration ratio 0* 1: 0*01. 


Table I. 

Solutions of NaCL 


Ratio of electrode 
concentrations 
in moles 

E.m.f. 
in volts 
without 

Time in 
minutes 

E. m. f. 
in volts 
with 

Time in 
minutes 

A in volts 

membrane 


membrane 




0*0482 

8 

0*0499 

7 


4*0:04 



0*0501 

67 

+ 00017 


0*0482 

146 

0*0504 

118 



0*0431 

26 

0*0459 

6 


2*0:0* 2 



0*0457 

58 

+ 0-0028 


0*0432 

77 

0*0454 

136 


1*0:0* 1 

0*0416 

0*0416 

2 

25 

0*0442 

0*0442 

2 

32 

+ 0-0026 


0*0418 

3 

0*0450 

6 * 


0*5:0*05 



0*0450 

50 

+ 0-0032 


0*0418 

51 

0*0448 

122 



0*0434 

13 

0*0593 

5 


0*1:0*01 



0*0593 

45 

+ 0-0159 


0*0433 

20 

0*0588 

103 



0*0439 

2 

0*0658 

9 


0*05:0*005 



0*0657 

30 

+ 0-0219 


0*0439 

17 

0*0644 

125 



0*0496 

3 

0*0519 

6 


1*5:01 



0*0512 

42 



0*0496 

13 

0*0514 

122 



0*0557 


0*0578 

8 


20:0*1 



0*0577 

40 



0*0557 

17 

0*0574 

120 
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Table II. 
Solutions of BaCl 2 . 


Ratio of electrode 
concentrations 
in moles 

E. m. f. 
in volts 
without 
membrane 

Time in 
minutes 

E. in. f. 
in volts 
with 

membrane 

Time in 
minutes 

A in volts 



0*0309 

1 

00269 

12 


10 

: 0*1 

0*0309 

40 

00269 

45 

— 0*0040 



0*0310 

15 h 15 m 

00281 

16 h 25 m 


0-3927 : 

: 0*03927 

0*0306 


00262 

0-0265 

3 

U h 

— 0*0044 

0*1 

: 0*01 

0*0335 

0*0335 

3 

60 

00326 

0-0326 

5 

63 

— 0*0009 

0*03016 

: 0*01 

0*0178 

0*0178 

1 

20 

0-0190 

00189 

6 

20 

| 0*0012 

0*05 

: 0*005 

0*0333 

0*0332 

7 

14 ] ‘ 30 ,n 

00348 

00348 

7 

31 

+ 0*0015 



0*0365 

6 

0-0523 

7 


0*005 

: 0*0005 



0-0523 

31 

~f 0*0158 



0*0365 

27 

0-0520 

4 h 30 m 



If at the same ratio of concentrations (more correctly activities) 
of the investigated solutions of sodium or barium chloride we divide 
the electromotive force of a concentration cell without transport, e. g. 
of the cell 

Ag, AgCl, NaCl(c } ), Nallg x , NaCl(c 2 ), AgCL Ag, 
by the electromotive force of the cell with transport, we obtain the 
transport number of that ion with respect to which the electrodes 
employed are not reversible, in our instance thus the transport number 
of the cation. Of course, it is supposed thereby that within the limits 
of the compared concentrations this transport number changes only 
imperceptibly with concentration of the solution, which is true for 
sodium chloride solutions. Comparing in this way the electromotive 
force of the cells without transport with that of the cells with transport, 
once with, the other time without the membrane, wo ascertain the 
influence which the parchment membrane exerts on the transport 
number of the cation in the separate concentration intervals of the 
electrolytes considered. Th6 electromotive forces of cells without 
transport and with solutions of sodium chloride have been measured 
by H. S. Harned, 4 ) who gives the following values: 

4 ) H. S. Harned: J. Amer. Chem. Soc 1929, 57, 416. 
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m moles E. rn. f. (volts) 

0-2 : 01 0 03247 

0*5 : 0 1 0*07566 

1*0 : 0*1 0*10057 

These values can he used for calculating the (Hittorf’s) transport 
numbers for the ion Na which are given in Table 111. The transport 
numbers obtained by this method are valid, of course, for a mean 
concentration between those compared. The agreement with values 
of transport numbers found by other methods is, of course, the better, 
the smaller is the difference of the concentrations on both electrodes. 
From the values found it must be concluded, that the presence of 
the membrane increases the transport number of the cation Na in 
solutions of sodium chloride at all concentrations (lowering thus the 
transport number of the anion 07'), this increase being the less pro¬ 
nounced, the more different are the electrode concentrations thus 
compared. This is in accord with our opinion that the Cl anions are 
adsorbed by the parchment membrane especially in very dilute solu¬ 
tions. In concentrated solutions of sodium chloride the presence of 
the parchment membrane does not change the transport of the ions 
of sodium chloride to any appreciable degree, as if the membrane 
were not present. At lower concentrations of this electrolyte, however, 
the adsorption of the Cl' anions becomes more and more pronounced, 
wherefore the transport number of the cation Na continually increases, 
this being in accord with our opinion mentioned earlier. 

Table III. 

Solutions of Nad. 


b 

]. m. f. (in 

volts) with 

transport 

Transport number of eat 

Ratio of 

electrode 

Without 

With 

Without 

With 

concentrat i ons 

membrane 

membrane 

membrane 

membrane 

0*2 

0*1 

0*0124 

0*0142 

0*382 

0 437 

0*5 

0*1 

0*0288 

0*0315 

0*381 

0*416 

10 

0*1 

0*0417 

0*0443 

0*381 

0*404 

1*5 

0*1 

0*0496 

0*0517 

0-381 

0*397 

2*0 

0*1 

0*0557 

0*0577 

0*381 

0*395 

0*1 

0*01*) 

0*0433 

0*0596 

0*409 

0*563 


*) The last line containee the results of measurements made by A. J. A11- 
mand and W. Pollack: J. Chern. Soc. 115, 1020 (1919). They found for the 
ratio of the electrode concentrations 0*1:0*01001 of the cell without liquid 
junction an e. m. f. of 0*1058 volts. 
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Analogous calculations of the transport number of the cation in 
solutions of barium chloride are based on measurements of concen¬ 
tration cells with and without transport made by W. W. Lucasse. 6 ) 
Using his procedure and his graphical method we arrived at the values 
contained in Table IV, the first column of which gives the molarity 
ra, the fifth one the transport numbers of the cation Ba” in absence 
of parchment membrane, and the sixth one those obtained in presence 
of this membrane. From comparison of both these last values it follows, 
that in the presence of the parchment membrane the transport number 
of the ion Ba" is increased in dilute solutions, whereas it is decreased 
in more concentrated solutions. It seems thus, that the behaviour of 
the parchment membrane in solutions of barium chloride is more 
complicated than could be expected according to our above-mentioned 
conception. Because the transport number of the cation Ba” in pre¬ 
sence of a parchment membrane is continually decreasing with in¬ 
creasing concentration, it can be concluded, that the influence of 
adsorption of the CT anions diminishes continually, and it appears as 
if at higher concentrations the adsorption of the Cl' anions would be 
replaced by that of the cations Ba”. 


Table TV. 
Solutions of Ba Cl 2 *) 


Ratio of 
electrode 
concen¬ 
trations 

E. in. f. 
in volts 
(W. W. 
Lucasse’s 
measure¬ 
ments) 

E.„m. f. 
in volts 

E. m. f. 
in volts 
With 

membrane 

Transport 
number 
of cation 
(also 

Lucasso’s 

data) 

Transport 
number 
of cation. 
With 

membrane 

OOl 

0*0 

0*0 

0*0 

0-439 

0*50 7 

001923 

0*00927 

0*0094 

0*0106 

0*432 

0*44j 

0*03815 

0*01852 

0*0186 

0*0192 

0*423 

0*37 2 

0*07977 

0*02804 

0*0288 

0*0282 

0*410 

0*35 8 

0*1791 

0*03941 

0*0394 

0*0366 

0*393 

0-29 a 


Moreover, when in measuring the electromotive force of the cells 
with barium chloride solutions we used an entirely new r membrane, 
we observed that the electromotive force increased slowly during about 
one hour by 05 to 1 millivolt. Then this increase stopped, and when 
(after the electromotive force had reached a constant value) w r e ex- 

6 ) W. W. Lucasse: J . Amer. Chem. Soc., 1925, 47, 743. 

*) The transport numbers contained in this table correspond approx ima tely 
(in contradistinction to Table III) to concentrations given in the first column. 
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changed the old solution for a new one of the same concentration, 
the electromotive force did not change any more. This phenomenon is 
undoubtedly connected with adsorption of barium chloride by the 
membrane, and has not been observed on solutions of sodium chloride. 

Summary. 

The cation transport numbers in solutions of NaCl and BaCl 2 resp. 
have been determined from the o. m. f. of concentration cells with 
liquid junction in presence of a parchment membrane and without it. 
It has been ascertained that the presence of this membrane increases 
the transport number of the cation Na at all concentrations of sodium 
chloride investigated, this increase being the less pronounced the more 
different are the compared concentrations of the electrode solutions 
(see Table III). This can be understood under the supposition, that 
at higher concentrations the parchment membrane does not change 
in an appreciable measure the transport of sodium chloride, but that 
at lower concentrations an adsorption of the CV anion by the membrane 
comes more to the foreground. In dilute solutions of barium chloride 
the transport number of the cation Bn" is also increased in presence 
of the parchment membrane, being, on the contrary, decreased in more 
concentrated solutions, which seems to indicate that the adsorption 
of the CV ions at lower concentrations is replaced at higher concen¬ 
trations by the adsorption of the Bn" ions. 

Institute of Theoretical and Physical Chemistry, 
Ceskd vysokd Skola technickd , Brno, 
Czechoslovakia. 



A SIMPLE METHOD FOR THE SPECTROSCOPIC 
CHARACTERIZATION OF ORGANIC DYESTUFFS AND OTHER 
COLOURED SUBSTANCES. 

By JAROKLAV B. CHLOUPEK. 

Many years ago, Professor J. Form a nek with his collaborators 
showed that a systematic absorption spectrum analysis using simple 
reagents can be an excellent guide for the colorist and every worker 
interested in dyestuffs. 1 ) He has also worked out a system of qualita¬ 
tive analysis of metals by using the characteristic changes iri the 
absorption spectrum of alcarmine in the presence of metallic salts. 2 ) 
His technique, although it is to be found in several handbooks, does 
not seem to have gained very many followers, probably because of 
the extensive personal experience needed for the correct interpretation 
of the results. The position of the maxima of the absorption bands is, 
in general, not too easy to measure with precision, as is best shown by 
serious discrepancies between the results of several workers even in 
a simple case. 3 ) 

The extinction curves are by far more characteristic but the necess¬ 
ary procedure in obtaining them is very tedious and involves the use 
of costly apparatus and materials; 4 ) excluding, furthermore, the 
direct visual observation of the curves. The present author believes to 
have solved this problem for technical purposes in a very simple way 
by appropriate use of the diffusum of the molecules of coloured sub¬ 
stances in a non-absorbing solvent medium. The idea itself (found 
independently) is not new. Adinolfi 6 ) has photographed a solution 
diffusing slowly upwards from the solid absorbing substance to form 
a concentration gradient. 

His aim was to obtain an approximate idea of the course of the 
absorption curve before* taking the series of photographs necessary 
for the quantitative evaluation of the extinction. His procedure has 
obvious advantages in that it is not limited to the visual region only. 
But, on the other hand, this method is not rapid enough for routine 
work and the use of a solid substance (often very slowly soluble in the 
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cold) and of photographic recording presents several disadvantages. 
The direct visual procedure that forms the subject of this short note 
makes use of solutions of the substances in question previously prepar¬ 
ed by gently heating the appropriate amount of the coloured sub¬ 
stance in glycerol or (cheaper, and generally quite as good for this 
purpose) in concentrated sucrose solution. A little amount of this 
solution, when cold, is put in an ordinary absorption cell and a layer 
of water or of a dilute solution of reagents such as prescribed by 
Pormanek (l. c. 1) is carefully added above it by means of a pipette 
with its outlet capillary curved upward. As we need a diffusion layer only 
some millimetres high (the height of the slit of an ordinary medium-size 
spectroscope being 5—10 ram), the diffusion proceeds rapidly enough 
to permit the observation to be carried out in about half an hour from 
the beginning of the experiment. The lines contouring the shadowed 
parts are much sharper than on a photograph and one can locate very 
easily the position of the maxima and minima. In order to characterize 
the relative height of these, if convenient, the present author makes use 
of an ordinary workshop micrometer placed directly before the slit 
so as to project the sharp image of its edges above and below the 
spectrum. The distances read on the divided drum head together with 
the breadth approximately found by the use of the divided shutters 
forming ordinarily part of the eyepiece can serve to make a well- 
proportioned sketch of the curves on a suitably ruled coordinate paper. 
When making exact determinations of the position of the absorption 
maxima and minima, the writer prefers another (shortly called 
“prism”) method of observation. Its principal feature consists in the 
use of a rectangular prism made of glass of relatively low refractive 
index together with a quadrate absorption cell. The prism takes the 
function of the Schulz’ body. The path of light before the slit is, of 
course, broken and the source must be accordingly inclined. The 
prism gives the necessary variation of the thickness of the absorbing 
solution and makes possible the visual observation of the whole of the 
absorption curves at one glance. The x'elative heights of the absorption 
maxima and minima can be recorded here with sufficient accuracy by 
means of the measuring device described above. 

Sometimes it is possible to make a permanent comparison sample 
by the former method in this manner: a strip of a photographic plate 
(undeveloped) freed from silver salts in the usual w r av is suspended in 
the diffusing solution of the dye. After a short time (Vi to 1 hour) it is 
washed carefully and dried. These colour ‘ 4 wedges” are sufficiently 


15 
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stable, as far as could be ascertained. In some cases, the use of appro¬ 
priate mordants suggests itself. 

The height of the prism is not limited by the height of the slit. One 
can conveniently use a simple projector to make possible the use 
of larger prisms if at hand. The writer has found the ordinary totally 
reflecting prisms of three centimeters side length quite useful. 

It is necessary to justify the use of the concentration gradients 
formed by the diffusion process. The extinction law requires an expo¬ 
nential decrease of concentration. For qualitative purposes, an appro¬ 
ximation is, of course, quite sufficient. The laws governing diffusion 
are complicated, especially when more than one diffusing substance 
is to be taken into consideration. 6 ) Ricketts and Culbertson 7 ) 
have tabulated the corresponding relations for some cases. The ex¬ 
pressions are very complex but for our case one can schematize them 
by writing: 

cjc ■==. B . e m ' n - • • • 

where B, m , n ,... stands for the respective expressions varying accord¬ 
ing to conditions. One can also see immediately the validity of the 
use of the diffusion gradients in our case. 

The curves observed are, of course, slightly deformed in the vertical 
direction due to the curved path of light in a solution of gradually 
changing refractive index. But this is without importance for the first 
method outlined here (in the “prism” method there is no curvature). 
The procedures described are not without their merit for teaching;e.g. 
one can demonstrate the beautiful absorption curve of purple iodine 
vapour by letting it diffuse slowly upwards in a gently heated vessel 
placed before the slit (the use of a projection screen is hero indicated). 
Also, one can superpose an organic solvent immiscible with water on 
an aqueous solution of a coloured substance soluble also in this solvent 
and observe, after a certain time, two extinction curves, one above 
the other, that may show some characteristic differences due to the 
action of the solvent on the dye. Or again, one can expose a solution 
that colours itself by oxidation in contact with the atmosphere and 
see directly the absorption curve of the reaction product slowly formed. 
The present writer has published elsewhere 8 ) an example of similar 
sort where a solution of potassium permanganate in 10 M H % 80 4 
showed the extinction curve of (Mn() A ) in the course of a transforma¬ 
tion to quadrivalent manganese sulphate, the reaction starting at the 
meniscus and spreading slowly downward. 
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Summary. 

Two simple methods for the direct visual observation of the ab¬ 
sorption curves of coloured substances in solution are briefly described, 
one based on diffusion from a glycerol or sucrose solution of the dye 
or similar medium of high concentration of the non-absorbing sub¬ 
stance, this diffusion forming the necessary exponential concentration 
gradient. The other method uses a cuvette with a prismatic glass body 
of relatively low refractive index. Some examples of the application 
of the method are given. 

Received , March 1933. 

Physicochemical Laboratory , 

Faculty of Chemico-technological Engineering 
of the Ceske vysoke uceni technickd, Prague. 
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SUR LA CRISTALLISATION DU BENZONAPHTOL. 

(Recherches sur la cristallisation sous le microscope.) 

Par A. GLAZUNOV et‘ K. SEFL. 

I. 

Travaux preliminaires concernant l’observation de la 
cristallisation en couches minces. 

Chez la plupart des corps susceptibles d’une surfusion considerable 
il n’a pas 6te possible d’etudier la vitesse de cristallisation dans un 
intervalle de temperature un peu large, car outre l’esp&ce cristalline 
k etudier il s’en forme une autre et a la limite d’une espece on en voit 
sou vent naitre une nouvelle. 

Chez Tackle benzil-orthocarbonique on a reussi a suivre la vitesse 
de cristallisation jusqu’a Tintervalle de temperature de 140° a 60°. 
La masse fondue do ce corps devient tres visqueuse k 60°, bien qu’il 
soit cassant comme le verre k 30°. De 135° a 55° les vitesses de cristal¬ 
lisation ont ete mesurees dans un tube en U de 0*2 mm de diametre 
interieur et d’une ^paisseur de 1 mm. 

Aux temperatures plus basses, F. Dreyer effectua la mesure de 
la vitesse de cristallisation pour une couche ayant environ 1 mm 
d’6paisseur et qui se trouvait entre deux lames. Au moyen d’un 
micrometre oculaire il mesurait la distance entre la limite de cristalli¬ 
sation et la lame couvre-objet. Par un traitement approprk? de la 
substance on y obtenait des centres de cristallisation et le produit sur- 
nageant le mercure 4tait malntenu pendant un certain temps k une 
temperature constante. 

Dans nos essais sur les corps en couches minces, nous employions 
des lames porte-objet sur lesquelles nous faisions fondre le corps 6tudi6 
pour le comprimer ensuite, ce qui avait pour effet d’etendre la subs¬ 
tance en une fine couche ayant tout au plus quelques fractions de 
millimetre d’6paisseur. 

L’^chantillon ainsi prepare a ete observe, en lumiere transmise, au 
moyen d’un microscope de Leitz. L’image produite par le microscope 
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a 6t6 projet^e sur le verre depoli d’une chambre obscure pour faciliter 
robservation et obtenir des photographies. On observait en lumiere 
ordinaire et en lumiere polarisee entre nicols crois^s. La mesure de 
la vitesse de cristallisation etait fort commode; on l’effectuait sur le 
verre depoli au moyen d’un chronom&tre en se basant sur le grossis- 
sement connu. 

Pour qu’il frit possible d’observer la cristallisation des couches 
minces de substances a des temperatures de surfusion variables, allant 
jusqu’au point de fusion, il etait necessaire de chauffer la substance 



pendant un certain temps a une temperature eonstante. Afin d'obtenir 
un reglage facile de la temperature, nous avons construit une plate- 
forme chauffante qu’on met au-dessous de Feehantillon etudie. Cost 
un petit four a resistance dont le centre presente une ouverture par 
laquelle la lumiere, envoyee par le reflecteur et r<?flechie par le petit 
miroir, arrive de dessous dans la substance et, de la, dans Fobjectif. 

La plate-forme a ete confectionnee en pl&tre, vu que les temperatures 
employees ne sont pas trop elevees. Pour que la surface sur laquelle 
repose la substance soit aussi plane que possible, le platre se trouve 
entourcS d’une game en laiton, ce qui facilite le travail du platre d’une 
manifere considerable. 

La mesure des temperatures etait effectu^e au moyen d'un pyro- 
m&tre. Le couple thermo^lectrique etait constitue par la paire cons- 
tantan-cuivre qui donne 25 m V a 500°. 
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Le couple thermoelectrique muni d’un tube en quartz fondu est plac4 
dans la plate-forme chauffante. Les deux autres bouts de la pile thermo¬ 
electrique vont dans un compensateur de temperature a huile, oh ils 
sont relies a des fils de cuivre allant aux bornes d’un millivoltm^tre. 

L’ecart indique par ce dernier permet, apr^s etalonnage de la plate- 
forme chauffante, de determiner la temperature de cette derniere. 

Le tableau I illustre la construction de notre tablette de chauffage. 

Les corps suivants, dont le point de fusion est emprunte aux tables 
de Landolt, ont £te employes pour etalonner la plate-forme chauffante: 


Substance 

Point 
de fusion 

lScart du 
mil li volt mcHre 

nitrophonol ortho 

44-3° 

0-95 

nitraniline ortho 

71-5°. 

2-30 

nitrophenol meta 

m° 

3*00 

phenanthrene 

99° 

3*40 

benzonaphtol 

110° 

3*75 

nitraniline meta 

114° 

4*10 

,, para 

147° 

5*20 


11 . 


Determination de la vitesse de cristallisation du bcnzo- 
naphtol pour des surfusions variables. 


Le benzon&phtol (naphtoljim benzoicum) 


sO.CO.CJl 5 


/\/ 


s'obtient par benzoylation du /3-naplitol sode au moyen de chlorure 
de benzoyle. 

(.’est une poudre cristalline incolore, inodore, difficilement soluble 
dans l’eau, ais£ment soluble dans l’alcool et le chloroforme. 

Comme point de fusion on donne 110°, ce qui s’applique k la forme I. 
En effet, au cours de nos recherches nous avons pu trouver une forme 
II qui est metastable dans les limites de temperature allant de cell© 
du laboratoire jusqu’au point de fusion de la substance. 

Le point de fusion de 1$, forme II est situe k 97°. C’est k 94° que 
la vitesse de transformation de la forme II en la forme I atteint son 
maximum (voir plus bas). 

Par une s6rie d’observations et de mesures nous avons obtenu les 
r6sultats r4sum6s dans la representation graphique suivante et qui 
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indique la vitesse de cristallisation de la forme I du benzonaphtol en 
fonction de la surfusion, k partir du point de fusion, c’est-ii-dire de 110°. 



Fig. 2. 

Vitesse do cristallisation et nombre des germos on fonction de la temperature 

pour lo honzouaphtol 1. 


Les mesures de la vitesse de cristallisation se laissent traduire par 
1c tableau que \oiei: 


visions 

temperature 

vitesse de crista 1- 
lisation mw/nnn. 

3*55 

105® 

()• 132 

3-35 

100° 

0-810 

3-15 

95° 

1000 

2-9 

90 w 

1-430 

2*7 

85° 

1032 

2-5 

S0° 

1-992 

21 

710 

3-024 

J *9 

00° 

3-lcS 

Hi 

59° 

3-31S 

1-3 

52° 

3-30 

10 

45° 

3-30 


I^e diagramme de la figure 2 donne la courbe de la vitesse de 
cristallisation en fonction de la temperature pour ees valeurs et, en 
raeme temps, celle du nombre des centres de cristallisation dont la 
determination sera decrite plus bas. 
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III. 


Determination de la vitesse lineaire de cristallisation du 
benzonaphtol II pour des surfusions variables. 

Le benzonaphtol II presentant une vitesse de cristallisation beaucoup 
plus grande que la forme I, on a du operer avec un grossissement moins 
fort pour que les lectures sur le verre depoli soient commodes. Avant 
tout, nous avons determine le point de fusion de cette forme II; k cet 
effet, la temperature a ete reglee dans des limites aussi etroites que 
possible de maniere k obtenir pour la vitesse de cristallisation des 
valeurs 6gales k zero. 

Le point de fusion du benzonaphtol IT s’est plac6 dans le do- 
maine de temperatures eorrespondant a la division 3-2, ce qui est 
97° environ. 

A la temperature eorrespondant a 3*1 divisions, e’est-a-dire a 94° en¬ 
viron, la forme II se transform© tres rapidement et entierement en 
la forme I. 

A la division 2*9 on ne peut pas encore observer une croissance 
de la vitesse de cristallisation de la forme II pour un grossisse¬ 
ment 20 x . 

A la division 2-8, e’est-a-dire k 87° environ, on observe sur le verre 
depoli de la chambre photographi que a un grossissement 20 x, que 
la croissance des cristaux de la forme II avance de 2 cm dans 179 se- 
condes environ, ce qui repond a une vitesse de cristallisation 


20 60 
20 * 179 


soit environ 0-336 mmjmin. 


Les autres mesures ont ete effectuees respectivement aux tempera¬ 
tures 85°, 80°, 76°, 69°, 52°, 45° et 39°. 

Lors du rabaissement ulterieur de la temperature la vitesse de cristal¬ 
lisation se maintient k 14 mm/ min. (moyenne), ce qui montre que pour 
ces temperatures elle a atteint un domaine independant de la tempe¬ 
rature. 

On ne saurait pousser.la surfusion plus loin, car les mesures sont 
alors rendues impossibles par suite de la formation d’un grand nombre 
de centres de cristallisation. La vitesse de cristallisation est si consi* 
derable que la substance ne met plus que quelques secondes pour se 
prendre entierement en cristaux. 




Tab. 







ii q^x 
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Les valeurs observes pour la vitesse de cristallisation du benzo- 
naphtol sont ranges dans le tableau suivant (II): 


divisions 

temperature 

vitesse de cristal- 
lisation mm/min. 

3*2 

97° 

0*000 

2*8 

87° 

0*336 

2-7 

85° 

1*536 

2-5 

80° 

2*850 

2-3 

70° 

4*290 

20 

69° 

6*540 

1*3 

52° 

10*650 

1*0 

45° 

12*000 

0*7 

39° 

12*500 



Fig. 3. 

Courbe I. — vitesse de cristallisation de la forme ll. 

Courbe II. — vitesse de cristallisation de la forme J. 

Courbe* III. — vitesse do transformation do la forme II on I. 

En portant ces valeurs dans le diagramme de la vitesse de crystallisa¬ 
tion en fonetion de la temperature on obtient la courbe donnee dans 
la fig. 3 k cote de la courbe correspondante de la forme I et de la courbe 
representant la vitesse de transformation de ses formes (vitesse de 
transformation II—I). 

Si Ton compare les deux courbes illustrant la vitesse de cristallisa¬ 
tion des formes I et II en fonetion de la temperature, on observe quo 
celle de la forme metastable s’eieve a des valeurs beaucoup plus fortes 
que celle de la forme stable. 


16 
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Nous avons 6galement observe les changements que subit la prepa¬ 
ration renfermant Tune et l’autre formes si la temperature est succes- 
sivement 61ev6e jusqu’au point de transition de la forme II en I. 

La figure 1 du tableau I montre un produit obtenu dans une masse 
fortement surfondue, oil Tune et l’autre formes se sont s6parees avee 
une vitesse de cristallisation assez considerable (la forme II ne pre¬ 
sente pas d’anneaux eoncentriques). La figure 2 du meme tableau nous 
montre le meme endroit apres chauffage a 90°. On y observe que la 
forme instable II commence a se desagr^ger, en nombreux points, dans la 
forme stable (I), alors que la forme I reste intacte. A partir dee bords des 
cristaux de la forme I la transformation de la forme II en I progresse 
avec une certaine vitesse que nous avons mesur6e plus tard et qui 
est £gale k la vitesse de cristallisation de la forme I a la temperature 
de 90°. Si l’on porte la temperature k 106°, le passage de la forme II k 
la forme I s’accomplit si int£gralement qu’il ne reste aucune trace 
de la ligne de demarcation des deux formes. 

En outre, nous avons 6tudi6 l’influence de la trempe sur la formation 
et la transformation des deux formes. 

Afin de pouvoir constater quelle est la forme de benzonaphtol qui 
se forme en trempant le produit dans 1’eau courante, nous avons 
recuit le produit obtenu jusqu’a la temperature de transformation de 
la forme II. 

La figure 3 du tableau l montre un echantillon de benzonaphtol 
recuit a un grossissement de 07 x. 

Apr&s chauffage k 96°, on observe que la structure a completement 
change et qu’il ne reste plus aucune trace des agregats de cristaux et 
des centres de cristallisation. Cela demontre que la forme 1 n’a pu etre 
pr6sente pas meme dans la masse trempte, car elle aurait du rester 
inalt^ree et a partir des bords de ses cristaux on devrait voir progresser 
la transformation de la dite forme. 

La trempe (k 15° environ) ne fournit done que la forme II. 

La figure 4 du tableau I represente la forme 1 issue d’un seul centre 
de cristallisation k la temperature normale du laboratoire. 

Le produit a 6t6 brusquement refroidi par de l’eau courante, ce qui 
a eu pour effet qu’a partir des bords de la forme I la forme II com- 
menya a se propager de toute une serie de centres nouvellement formas. 
A la temperature de trempe il se forme, dans tout le reste du produit, 
subitement un grand nombre de centres de cristallisation et les cristaux 
de la forme II qui en r6sultent finissent par remplir la surface restante. 
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La figure 1 du tableau II represente la forme I du benzonaphtol 
k l^tat d’inclusion dans les cristaux de la forme II, dont la croissance 
a lieu k la temperature du laboratoire avec une vitesse beaucoup 
plus considerable. 

Lorsque le produit avait et4 abandonne pendant quelques jours 
k cette temperature, on voyait se propager, k partir des bords de la 
forme d’inclusion, la nouvelle forme (stable). 

Cette transformation ne s’effectua que successivement et avec une 
vitesse extremement faible a partir des germes cristallins nes k la 
ligne de separation des cristaux de la forme 1. 

La figure 2 du tableau II montre des cristaux de la forme II issus 
d’un centre de cristallisation a la temperature du laboratoire. La 
croissance ulterieure de cet agr6gat de cristaux a ete arretee par la 
trempe dans 1’eau courante. 

Les cristaux qui se propagent a partir du centre cristallin pendant 
la trempe se sont accrus d’une toute petite longueur visible sous 
forme d'un anneau concentrique. La trempe fournit de nouveau une 
quantity 6norme de germes cristallins, et toute une serie de cristaux 
separes subitement remplissent compl&tement le reste de la surface 
liquide en dcSlimitant les cristaux croissant a 25° environ. 

Ge produit a etc abandonne de nouveau, pendant quelques jours, ala 
temperature du laboratoire. Pendant ce temps il s’est effectue une 
transformation des cristaux de la forme II en cristaux 1, ainsi que le 
montre la figure 3 du tableau III. 

On observe que la transformation des deux formes a eu lieu presque 
integralement dans le domaine ayant subi la trempe, tandis que les 
cristaux n6s a temperature plus elevee, c’est-a-dire a 25° environ, 
subissent cette transformation plus lentement. On peut en chercher 
la cause dans la stability diff^rente des cristaux separes a des tempera¬ 
tures differentes ou dans le fait que la tension superficielle entre les 
cristaux plus menus formes dans la trempe est plus grande que celle 
des cristaux plus gros formas aux environs de 25°. 

Quant a la vitesse de transformation des deux formes, il en sera 
question plus bas. 

Tammann, en mentionnant la vitesse lin£aire de transformation de 
la forme instable en la stable designe cette vitesse par UG. Cette 
vitesse, de m6me que la vitesse de cristallisation (KG) a ete deter¬ 
mine dans des tubes en 17. Apres avoir prepare les cristaux de la 
forme instable il les a amorce par la forme stable, apres quoi il a 
observe leur vitesse de transformation. 


16 * 
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Ainsi qu’on peut s’v attendre, le domain© du maximum constant 
de la vitesse de transformation est beaucoup moindre que celui de la 
vitesse de cristallisation. Pour r^aliser cette comparaison Tammann 
s’adressa k la benzophenone I p. de f. 48-3° et a la benzophenone 
III fusible k 25*2°. 

Dans nos recherches sur le benzonaphtol nous avons observe la vi¬ 
tesse de transformation de la forme II en la forme I vers 91°. La transi¬ 
tion a £te suivie sur le verre depoli de la chambre noire pour un gros- 
sissement 67 x. 

En observant la ligne de demarcation des deux formes nous avons 
constate qu’a la temperature mentionnee cette ligne a avance de 4 cc 
(en moyenne) dans 34 secondes (en moyenne), ce qui correspond k 

la vitesse de transformation a 91° ~ ^^, 

67 34 

c’est-a-dire a environ 1 mm /min. 

Cette valeur est un peu plus faible que la vitesse de cristallisation 
du benzonaphtol I a la rneme temperature. 

Cette mesure a ete effectuee pour la temperature liinite a laquelle 
la forme II peut encore exister et oil la transformation se fait avec 
a vitesse maximum. Le rabaissement de la temperature a pour suite 
de diminuer la vitesse de transformation qui aux environs de 80° est 
d£ja si faible qu'on ne saurait la mesurer de cette maniere. 

En consequence, il nous a ete impossible d’etablir la courbe UG en 
fonction de la temperature* Tant que la temperature de la substance 
n'atteignait pas 90° au moins, la transformation n’avait pas lieu. 
Mais alors elle s’accomplissait avec une telle rapidite qu’il n’a pas 
ete possible de ramener la temperature de la substance a un degre plus 
has, d&ja mesurable, dans un intervalle de temps suffisamment court. 

Les resultats de ces observations figurent sur le diagramme n° 3. 

IV. 

Determination du nombre des centres de cristallisation 
chez le benzonaphtol I. 

Nous avons determine le nombre des centres de cristallisation du 
benzonaphtol d’apres la formule 

nombre des centres de cristallisation — A". 1 // 

dans laquelle / designe la grosseur des grains, K une constante pour 
une temperature invariable. 
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Si Ton expose la substance k une temperature voisine du point de 
fusion (recuite), on observe un grossissement des cristaux et une 
diminution de leur nombre. Le corps tend a epouser la forme repon- 
dant au minimum d’energie libre, pour que l’entropie devienne maxi¬ 
mum. Le fait se manifesto par une absorption des petits cristaux au 
profit des gros. Oela nous explique aussi pourquoi aux temperatures 
voisines du point d’equilibre il se forme des cristaux de dimensions 
considerables. 

La question de savoir ce qu’est un centre de cristallisation, 
n'a pas ete eclaircie definitivement. De la notion de centre de cristal¬ 
lisation il faut distinguer nettement celle de germe de cristal.*) 

Si Ton observe des faiseeaux de cristaux issus d’un seul centre de 
cristallisation, ces cristaux paraissent partir d’un seul point. Si, toute- 
fois, ce centre de cristallisation est sounds a un examen soigne, on ne 
tarde pas a remarquer quc les choses ne sent point si simples qu’elles 
sem blent etre a premiere vue. En effet, au centre de cristallisation on 
observe tout un enchevetrement de cristaux minuscules qu’on ne 
saurait resoudre pas meme a des grossissements considerables. 

Pour dtfmontrer malgre cela que les centres de cristallisation se 
component d’un nombre assez eleve de cristaux minuscules, nous avons 
photographic ceux du benzonaphtol (voir par exemple la figure 4 du 
tableau II). 

Les cristaux croissent uniformement dans tous les sens, c’est-a-dire 
avec une vitesse egale. La courbe figurant a chaque moment Failure 
du processus de cristallisation, formera un cercle, soit la projection 
d’un spheroide de l’espace a 3 dimensions dans Tespace a 2 dimensions. 
Le centre geometrique de cette sphere, on du cercle observe par nous, 
sera le centre de cristallisation. 

Du rapport entre le nombre des germes, la vitesse de cristallisation 
et la grosseur des cristaux, nous avons caleule les valeurs relatives 
des nombres des germes du benzonaphtol en fonction de la tempe¬ 
rature. 

Si Ton porte les valeurs observes dans le diagramme nombre des 
germes en fonction de la temperature, on obtient, avee la courbe pour 
la vitesse de cristallisation, des resultats assez satisfaisants (courbe 

fig- 2). 

*) Voir: Collection 111, n<>» 1 et 2. Glazunov: On the nature of crystal¬ 
lization centre. 
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Voici le tableau: 



temperature 

valeur relative 
du nombre 
des germes 

1) 

107° 

0*02 

2) 

92" 

01 

3) 

70° 

0*4 

4) 

65° 

0*6 

5) 

55° 

1*1 

6) 

45® 

1-7 

7) 

35° 

2*5 

8) 

25° 

4*0 

9) 

15® 

10*0 

10) 

10" 

Conclusions. 

17*0 


De tout ce qui a ete dit plus haut il ressort que notre methode 
pour mesurer la vitesse de cristallisation et le nombre des centres de 
cristallisation, eventuellement la vitesse de transformation, donned’ex - 
cellents resultats et que, a la difference des precedes oil les mesures 
sont operdes en tubes, elle permet d’observer le processus de maniei*e 
directe, et cela a des grossissements considerables. 

La petitesse du poids de la matiere mise en oeuvre (quelques milli¬ 
grammes) rend possible d’&iminer l’influence de Fambiant, de sorte 
que le processus s’accomplit effectivement a la temperature indiqu^e 
par le pyrometre. 

La methode que nous avons employee dans notre etude, est celle 
dont on se sert ordinairement dans le travail des metaux, e’est-a-dire 
la recuite et la trempe. Ainsi qu’on le voit dans nos figures, elle nous 
a donne de tr&s bons resultats. De meme que dans Fetude des syst&mes 
metalliques, la temperature de transformation d une forme dans Fautre 
a pu etre ddterminee d’apres la temperature de la plate-forme chauf- 
fante. 

Dans notre methode, la transformation se laisse observer de fa$on 
directe encore au microscope, aussitot que la temperature de la plate- 
forme s’abaisse au-dessous du point de transition. 


Institut de Metallurgie tMorique 
a la Haute Nicole des mines de PUbram 
( Tchecoslovaquie ). 



SUR UNE PROPRIEtE INCONNUE DES COMPOSES DE CERTAINS 

Elements chimiques 

par J. StERBA-BOHM et M«e A. DORABIALSKA. 

An cours des recherches sur les effets thermiques anomaux de quel- 
ques min6raux radioactifs, 1 ) l’un de nous a constate que les composes de 
Pyttrium et du lanthane se comportent dans le microcalorimetre 
adiabatique eomme s’ils pr6sentaient une source continue d’energie ther- 
mique de l’ordre 10~ 3 cal. par heure et gramme de substance. Pour 
etudier ce phenomene, il fallait reprendre les experiences avec des 
composes spectroscopiquement purs afin d’eliminer la suggestion que 
Peffet observe peut etre cause par la presence de certaines impuretcs. 
Dans nos experiences nous avons employe des composes completement 
exempts de matieres radioactives dans le but d’eliminer toute influence 
secondaire pouvant produire le moindre effet calorique, qui ne s’oxy- 
dent pas il Pair et ne perdent pas d’eau hi n’attirent l’humidite. En 
outre, il a fallu decider si oette propriete inconnue appartient unique- 
ment it Pyttrium et au lanthane ou si elle est plus generate. 

Pour resoudro cette question, nous avons effectue une serie de mesurcs 
microcalorimetriques d’orientation, en choisissant comme objet d’etude, 
ii c6te des composes d’yttrium et de lanthane, des substances con- 
tenant des elements chimiques appartenant k differents groupes du 
systeme periodique. La technique experimentale etait la meme que 
dans les travaux precedents de Pun de nous dans ce domaine, 2 ) c’est 
il dire nous nous sommes servi du microcalorimetre adiabatique 
oonstruitpar M. W. SwiqtosJ'awskl et Mile A. Dorabialska. 8 ) 

Les mesures microcalorimetriques ont ete effectuees suivant la techni¬ 
que experimentale elaboree par Pun de nous 4 ) pour les substances, 
faiblement radioactives. On suspendait la substance, sous forme d’une- 

*).A. Dorabialska: Rocvniki Chem., 12, 418 (1032). 

*) A. Dorabialska: RocsrafctCftem., 0,494 (1929); Bull. Acad. Pol., 1929,487. 

•) W, Swi§toslawski et A. Dorabialska: Comptee rendus 185, 763 (1927); 
Rocxniki Ghent. 7, 56ft (1927). 

4 ) A. Dorabialska: loc. oife. 


IT 



234 


pastille de quelques grammes, au couvercle du microcalorimetre k la 
place du calorim&tre interieur. A 1’interieur de la substance on plaudit 
l’une des soudures d’un couple thermo-electrique de constantane et de 
cuivre, F autre soudure etait fixee dans l’enveloppe metallique de 
Fappareil. Le couple thermo-electrique etait lie au galvanometre au 
moyen du conducteur en cuivre. Confonnement a la m<5thode de travail 
avec le microcalorimetre adiabatique la temperature de l’enveloppe 
exterieure est maintenue constante pendant longtemps. Dans le cas 
d’une substance inactive au point de vue thermique on observe apres 
quelque temps une £galite de temperatures des deux soudures, le galva¬ 
nometre etant stabilise au zero. Cependant, lorsque, k temperature 
exterieure constante, le galvanometre montre une deviation croissante, 
on suppose quo la temperature de la pastille augmente et on chauffe 
l’enveloppe exterieure pour ramener le galvanometre au zero. Au cours 
de l’exp&rience on mesure la vitesse avec laquelle on chauffe Fenveloppe 
exterieure pour maintenir le galvanometre au zero. Cette vitesse, 
exprim6e en degr^s par heure (A t), doit expriiner Faccroissement de 
temperature de la substance etudiee quand elle s^chauffe d'elle-meme. 

Nos recherches etant surtout des recherches d’orientation, nous 
avons borne nos experiences aux conditions de travail dans lesquelles 
on peut observer la difference entre les propriety des composes d’yttrium 
et de lanthane et celles d’autres substances: nous avons done cherche 
des Elements chimiques dont les composes se comportassent dans le 
microcalorimetre adiabatique d’une maniere quantitativement compa¬ 
rable a ceux de l’yttrium et du lanthane. (Test pourquoi nos Etudes ne 
comprennent pas d’effets de l’ordre du debit de chaleur de substances 
radioactives faibles, d’autant moins tels que de rubidium ou de potas¬ 
sium. Au point de vue pratique, nous nous sommes borne k mesurer les 
accroissements de la temperature du systeme microcalorimetrique 
sup&rieurs k 0-001° par heure. 

Les resultats numeriques des mesures effectuees dans le microcalori¬ 
metre adiabatique sont donnas dans le tableau ci-joint oil l’on trouve 
la formule chimique du compost etudie et l’accroissement de tempera¬ 
ture du syst&me par heure (At), mesur^ dans les conditions experimen- 
tales signaiees plus haut. 

Ces resultats ne sont pas exprimes en calories, parce que nous ne 
connaissons pas encore en quoi consiste le phenomene. En effet, il 
est difficile de donner une expression numerique au phenomkie, quand 
on ne peut pas verifier si, dans les conditions de Fexperience, on me¬ 
sure un processus purement thermique ou si, peut-fetre, on observe 
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1’effet ext&seur d’une somme de plusieurs processus U6s ensemble, de 
caractfere different. C’est pourquoi nous ne voyons dans les nombres 
obtenus qu’une expression num^rique d’un processus energetique. Pour 
I’orientation, cela doit suffir en attendant. 

Tableau I. 


Mesures microcalorim^triques d’une s£rie de substances pures. 


Substance 

A t 

Substance 

A t 

Sc 3 0 3 

0*0501 

Tap, 

0*0023 

Sc(HCOO) 3 

0*0107 

(%PP 7 

0*000 

Y/h 

0*0212 

A#P 3 

0*0052 

L^((7 2 0 4 ) 3 . 10 H 2 0 

0*0122 

ffbfit 

0*0072 

Ce0 2 

0*000 

Ri 2 0 3 

0*0000 

Prfi, 

0*0239 

Co(NH 3 ),Cl(\ 

0*000 

Nd t 0 3 

0*000 

BeO 

0*000 

Sm 3 0 3 

0*000 

Aip 3 

0*000 

• 1° JW 

0*000 

Ti(h 

0*000 

Ybfi, 

0*000 

CsCl 

0*000 

NH i V0 3 

0*000 

TlpO t 

0*000 

Nl h O , 

0*0191 




Par les valeurs inserees au tableau on constate que 10 composes 
chimiques, des 23 etudies, se comportent dans le microcalorimetre 
adiabatique comme s’ils presentaient une source continue de chaleur: 
en presence d’un couple thermo-electrique de constantane et de cuivre, 
ils provoquent une deviation du galvanometre compense par 1’accrois- 
sement de temperature du systeme indique dans le tableau. Dans les 
conditions de Texp^rience les 13 composes restants ne montrent pas 
cette propri^te. 

II n’est pas sans int^ret de rassembler les resultats obtenus au point 
de vue des divers Elements chimiques contenus dans les composes 
etudies. Rangeons les Elements contenus dans nos substances dans 
’ordre des poids atomiques croissants, en indiquant k cote du sym- 
bole chimique les nombres atomiques et la proportion, oxprimiSe en 
pourcent, par laquelle ces 416ments se trouvent repr£sent6s dans la 
lithosphere. 1 ) Les elements soulign^s montrent la propriety energetique 
en question. On obtient le tableau suivant: 

1 ) D’apr&s Vernadskij: Easai de gdochimie 

17 * 
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1 H 4 Be 6 C 7 N SO 

1 — 10 % 10 3 — 10~ 2 10- 1 — 10 ° 10 - 2 — 10-1 10 

13 Al 15 P 17 Cl 20 Ca 21 Sc 

1—10 10“!— 10° 10-i— h)o i _ io 10- 1 — 10— 4 

22 Ti 23 V 27 Co 33 As 39 Y 

10-i — 10° IO- 2 — 10- 1 10- 3 — IO" 2 10“ 5 — 10- 4 IO- 8 — IO- 2 

41 Nb 51 Sb 55 Cs 57 La 58 Ce 

10 3— 10 4 10“ 5 —10~ 4 10- 4 — 10-3 10 3— 10 4 10-2—10-1 

69 Pr 60 Nd 62 8m 64 Gd 70 76 

10 ^ — 10~ 4 10 - 5 — 10- 4 10 - 7 — 10-8 10-8 10-8 

73 Ta 81 Tl 83 Bi 

10 4 10 3 IQ 6 IQ 6 i0 4 10 3 

On voit par ce tableau que la propri6te ytudiee par nous semble 
appartenir principalement aux Elements a nombres atomiques impairs 
et qui se rencontrent en faible proportion dans la lithosphere. En ge¬ 
neral, l’ensemble de nos experiences parait confirmer la supposition faite 
dej& par Tun de nous 1 ) que dans les conditions des mesures microcalori- 
m^triques on observe une propriety atomique qui peut d^pendre de la 
desintegration de F Element. Le fait que la propriety en question parait 
appartenir surtout aux elements a nombres atomiques impairs pose le 
probleme de la possibility d’une desintegration protonique. La desinty** 
gration protonique du noyau atomique se fait sans effets de rayonne- 
ment, mais avec effet calorique. On ne saurait expliquer ce phenomfene 
que de la maniere suivante: Le proton contenu dans le noyau le quitte 
volontairement; il s’unit a un electron de la sphere exterieure, forme 
de Fhydrog£ne et, en meme temps, un isotope de Fyi^ment qui le precede 
dans le systeme pyriodique. 

Exemple: 

^ c 45 * C&a , 7 89 •> >Sr 8 3, , ^^75 —* 6^74, 

$&L21 * $^120 > ^123 * $^122 > > P ^208 > ~~* ^140 > 

R^sumy. 

En connexion avec les travaux de Fun des auteurs, 2 ) on a effectu4 
de nouvelles recherches sur une propriety inconnue de certains elements 

!) A. Dorabialska: Roczniki Chem. 9 12, 416 (1932). 

2 ) A. Dorabialska: loc. cit. 
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chimiques. Cette propriiti consiste en ce que les composes de ces 
Aments chimiques k nombre atomique impair se comportent dans le 
microcalorimetre adiabatique comme s’ils prisentaient une source 
continue de chaleur. 

Au moyen du microcalorimetre adiabatique on a etudie les sub¬ 
stances suivantes chimiquement pures: Sc 2 0 3 , Sc(HCOO) a , Y 2 0 3 , 
LaJP/) t ),. 10 H 2 0, Ce0 2 , Prfi,, Nd 2 0 3 , Sm 2 0 3 , GdJjP/) t ) 9 A(iH/), Yb 2 0 3 , 
NH t VO a , Nb 2 0 3 , TapCa 2 P 2 0 2 , As 2 O a , Sbfi ,, Bi 2 0 3 , CO(NH 3 ) h Cl.Cl 2 , 
BeO, Aip s , Ti0 2 , CsCl et Tl 2 SO t . Les experiences effectuees ont 
montri que les composes de Sc, Y, La, Pr, Nb, Ta, As, Sb et Bi pre¬ 
sen tent la propriety energetique etudiee, tandis qu’on a rien observe 
chez les autres composes. Tous ces elements actifssont caracterises par 
leurs nombres atomiques impairs et se rencontrent en faible proportion 
dans la lithosphere, ce qui suggere l’idee que la propriete etudiee 
est en connexion avec la disintegration atomique des elements. 

Le fait n’a pu etre constate que chez quelques elements a nombre 
atomique impair, comme p. ex. chez At, P, V, Co, Cs, Tl. On pourrait 
l’expliquer par une dcsagregation thermique (thermoactivite) minimale, 
dont I’etfet calorique n’a pu etre mesure jusqu’ici. L’un de nous 
(Mile Dorabialska) continue 4 etudier cette interessante question. 

Ivstitut de Chimie pharmaceutique et appliquee 
de VVniversild Charles a Prague 
( Tchecoslovaquie ). 



POLAROGRAPHIC STUDIES WITH THE DROPPING MERCURY 
KATHODE. — PART XXXIII. — THE MICRODETERMINATION 
OF CYSTEINE AND CYSTINE IN THE HYDROLYSATES OF 
PROTEINS, AND THE COURSE OF THE PROTEIN DECOMPOSITION 

by R. BRDJ&KA. 

The results of an investigation of the catalytic hydrogen deposition 
at the dropping mercury kathode from solutions of thio-acids or their 
disulphidic forms in cobaltous chloride solution containing a buffer 
mixture of ammonium chloride and ammonia were described in a 
preceding paper. 1 ) It could be expected that the reaction mechanism 
of this catalysis, which was ascribed to the presence of the complexes 
between thio-acids and the cobaltous ion, would be analogous also 
in the case of proteins, which show similar effects under similar 
conditions. 2 ) 

According to this supposition the polarographic effect produced 
by proteins in the presence of cobaltous ion is due to the sulphydryl 
group contained in the protein molecule. The sulphydryl group may 
act either primarily or in the disulphidic form which is electroreduced 
at the dropping kathode. The latter possibility is more probable although 
the observed polarographic effect does not allow to distinguish between 
the individual effects of the sulphydryl and the disulphide groups. 

The binding of the cystine nucleus in the polypeptide molecule, or in 
another more complex structure, can cause certain deviations in the 
shape of the polarographic curve which fact can be employed for 
differentiating between the catalytic effects of a protein and that of 
a simple thio-acid. Thus in the presence of proteins the catalytic 
reduction of hydrogen proceeds at a potential which is by about O'2 v 
more positive than in the case of cysteine. The polarographic curve in 
the presence of proteins exhibits two characteristic reduction stages. 
Further, the proteins also produce a polarographic effect in the presence 
of cobaltammine, 2 ) whereas thio-acids do not under these conditions 
promote the catalysis of hydrogen deposition. 

The influence of the peptide group on the values of the dissociation 
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constants of amino-acids is known to be of considerable magnitude; 
therefore it can be expected that the neighbourhood of proteinic groups 
may also modify the behaviour of the disulphidic, resp. sulphydryl 
groups in the protein. 

Besides cystine the protein molecules can contain also another 
sulphur constituent named methionine which was discovered in 1921 
by Mueller. 3 ) By employing a method suggested by Poliak and 
Spitzer 6 ) modified 4 ) for the estimation of methionine in proteins 
Baernstein 6 ) succeeded in determining the distribution of organic 
sulphur of proteins among cystine, cysteine and methionine. 

The quantitative agreement of the total sulphur content in protein 
with the sum found in the named constituents may be taken as a 
proof that practically no other decomposition products containing 
sulphur are formed on the acid hydrolysis of proteins. The amount of 
sulphur corresponding to methionine in proteins can vary between 
26 and 90 per cent of the total sulphur content. 6 ) On the other hand 
Rimington 7 ~ u ) and Barrit and Rimington 12 ) have shown that 
in keratins almost all the sulphur is bound in the cystine nucleus so 
that e. g. wool contains at most 0-5% of methionine, i. e only about 
3 per cent of the total sulphur 13 ) and this amount lies within the limits 
of experimental error of the colorimetric Folin-Marenzi 14- " 15 ) method 
for its determination. 

In our case very small traces of cystine or cysteine in presence of 
buffered solutions of cobaltous chloride catalyse the hydrogen depo¬ 
sition enormously. This effect is specific only for thio-acids, the other 
amino-acids having no influence in this respect. Therefore, the polaro- 
graphic effect can be employed for the determination of cystine and 
cysteine in protein hydrolysates. The present author has shown that 
the height of the wave of the catalytic hydrogen deposition is a func¬ 
tion of the concentration of cystine resp. cysteine, which can be repre¬ 
sented graphically by a curve. 3 ) 

The curve derived from standard solutions of known concentrations 
of cystine or cysteine may serve for the determination of their concen¬ 
tration in protein hydrolysates. It has to be remembered that cystine 
gives the same catalytic wave as a twofold amount of cysteine. There¬ 
fore the calibration curve permits us to determine only the sum of 
these compounds expressed either as cysteine or as cystine. 

The solutions which suit best for such determinations should contain 
from 5 x 10"~ fl to 10~ 4 molar concentration of cystine. If 10 ccs of 
such a solution are used for electrolysis the quantity of cystine which 
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can be determined in this way, would be 0*012—0*24 mg . Our method 
is thus a micro-analytical one. Solutions with higher contents of cystine 
cannot be analysed with precision because at high concentrations 
the variation of the wave height with increasing concentration is too 
small to be discerned accurately. On the other hand, the solutions 
having a cystine content below the lowest limit stated above can 
show irregularities in the analytical results owing to adsorption on 
the walls of the glass vessels containing the solution under analysis. 

Experimental part. 

The experimental arrangement employed was the same as reported 
in two preceding communications by the author. 

First of all the author has investigated whether the determination 
of cystine in acid hydrolysates is influenced by the presence of other 
decomposition products of proteins. Keratins were chosen for this 
investigation because of their high content of cystine, and further 
because they contain only a negligible amount of methionine the 
behaviour of which was not known. 

The acid hydrolysis was carried out exactly as in the usual colori¬ 
metric determination 11 " 12 ) of cystine by the Folin-Marenzi method. 
About 0*5 g of the wool yarn was boiled for 6 hours in 100 ccs of distilled 
hydrochloric acid in a flask fitted with a reflux condenser. 0*1 ccs of 
this hydrolysate was added to 2 ccs of 10~ 2 n CoCI 2 , made alkaline by 
2 ccs of 1 n NH Sl and the mixture made up to 10 ccs with water. The 
resulting solution had approximately the composition required for 
a polarographic cystine test. The curves obtained with this solution 
showed the characteristic wave having a rounded maximum of the 
current; the curve had precisely the same appearance as was found 
with solutions of cystine. 

When the hydrolysis was carried out for a shorter time than stated 
above, the corresponding wave did not exhibit the maximum of the 
current, and the current increase was accompanied with irregularities 
due probably to the presence of minute particles of colloidal products 
of the imperfectly decomposed tissue. It was evident also that the 
shape of the curve was due to the combined action of protein and 
cystine. 

In order to resolve these effects the incompletely hydrolysed solu¬ 
tion was added, under the same conditions as before, to a solution 
of cobaltammine, which is indifferent towards cystine. In this way 
a perfect curve was obtained which characterises proteins only 8 ) and 
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thus the influence of cystine was entirely eliminated. It is interesting 
to note that'such hydrolysates respond also to the known polarographic 
protein test with ammonium chloride solution alone. 16 ) (See fig. 1.) 

The protein wave with solutions of cohaltammine and ammonium 
chloride decreased on further hydrolysis whereas the wave obtained 
with solutions of cobaltous chloride showed the prevalent influence 
of cystine, until, after the completion of hydrolysis, the curve with 



100 v dilute sample of 0-3 g wool boiled with 50 ccm 5 n HCl, electrolysed in 
1. 2 x 10~* n CoC\ in 10- 1 n NH< Cl m 10-* n NH» 

II. 3 X 10 - 3 n Co(KH s ) 6 Cl B in 10- 1 « NI1JTI in 10- 1 n NH „ 

111. 10- 1 n NH A Cl ill 1()- 1 n NH,. 

the latter solution attained the normal shape characteristic of cystine. 
Thus, these preliminary experiments have shown that the course of 
the acid hydrolysis can be followed quickly and easily, and the end 
point of the hydrolysis can be well ascertained. The more detailed 
study of the kinetics of this reaction is given below. 

In a similar (qualitative) manner as for sheep's wool, cystine was 
detected in the hydrolysates of the following substances: human hair, 
serum and its fractions, blood-albumin, beef, sheep s brains, rye flour, 
egg-albumin, pituitary and thyroid hormones and other proteinic 
substances. The curves have been always very well reproducible so 
that the method is suitable even for the quantitative determination 
of cystine. 

Gelatine and the purest silk did not show the polarographic catalytic 
effect either during the hydrolysis or after its completion. It is known 
that just these proteins do not contain cystine, and this fact is especial¬ 
ly important because it corroborates our statement that the polaro¬ 
graphic effect of the protein is due to the presence of the cystine nucleus. 



The experiments to establish the conditions for the quantitative 
determination of cystine were first carried out with keratins, these 
substances being the most suitable ones as explained above. 0-026— 
0*1 g of pure wool yarn was hydrolysed with 10—25 ccs of 6 n hydro¬ 
chloric acid (18*23%). The solution was boiled in an Erlenmeyer’s 
flask of 50 ccs capacity which was provided with a ground glass stopper 
connected with a reflux condenser. The regularity of boiling was in¬ 
sured by means of several capillaries of the shape proposed by Markov - 
nikoff put in the flask. After boiling for about 6 hours the hydrolysate 
was made up to 100 cca with distilled water, filtered, and the normality 
of hydrochloric acid determined by titration. Then the solutions were 
prepared for polarographic analysis in such a manner as to obtain the 
following concentrations of the individual constituents: 10— 3 n or 
2 x 10— 3 n CoCl 2 in 0-1 n NHjOl in 0*1 n NH 3 . 

For such solutions the calibration curves were determined for known 
contents of cystine varying over wide limits. As a standard a solution 
of 10— 2 m cystine in 1 n ammonia was used. 0*4 ccs of this solution 
was mixed with 4 (2) ccs of 10~ 2 n CoCl 2 + 2 ccs of 1 n NH^Cl + 
1*6 ccs of 1 n NH d -f 12 (14) ccs of water. The resulting solution was 
then added successively in portions of 0*5 cc to a solution having 
the same concentration of ammonia, ammonium chloride and cobalt- 
ous chloride (but without cystine) and the polarographic curve recorded 
after each addition. 

From a large number of such determinations the curves shown 
in Fig. 2 were constructed. The height of the catalytic wave was read, 
as described in the previous paper, 1 ) from the diffusion current of 
cobalt deposition to the minimum of current which follows the maxi¬ 
mum. It has to be noted that the height of the catalytic wave decreases 
somewhat with time, which, in the author’s opinion, is due to the slow 
formation of cobaltammine. Therefore, it was necessary to electrolyse 
the solutions only when freshly prepared, at most 15 minutes after 
the mixture was made. In this case the oxidation of cobaltous ions can 
be neglected. Other precautions usual in polarographic work have 
also to be carefully observed: thus, the rate of dropping of the mercury 
must be kept always the same (in our case it was 1 drop per 3-5 sec.) 
and the same capillary must be employed for which the calibration 
curve has been obtained. 

The experimental error of an individual determination can amount 
to ± 5 per cent of the cystine content. If, however, the fact is taken 
into account, that the total amount of cystine which can be determined 
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by this micro-analytical method does not exceed 0-24 mg , the accuracy 
attained may be regarded as sufficient. Moreover, this accuracy can 
be greatly increased, because there is the easy possibility of repeating 
the electrolysis several times or recording the curves with several 
dilutions of the hydrolysate. Since the deviations of individual mea- 



Oalibration curves obtained by means of a standard solution of cystine for deter¬ 
mination of cystine-content in hydrolysates of proteins. 

surements from the average are of accidental nature, the average 
value must possess much higher accuracy than that stated above 
for an individual determination. 

By way of illustration the following example may be described in 
detail: 0*0343 g of wool yarn was boiled with 10 ccs of 5 n HCl for 
6 hours. On completion of hydrolysis the solution was made up to 
100 ccs with water, filtered and titrated with ammonia solution which 
was also used in the preparation of solutions for electrolysis. Ihe 
normality of hydrochloric acid was 0*45 n HCL From the hydrolysate 
four solutions were prepared in the following sequence. 

1) 1 cc of 10~~ 2 n CoCl 2 + 0 ccs of water + 0*55 cc of 1 % NH^C l 
+ 1*45 ccs of 1 n NH S + 1 cc of the hydrolysate 

2) 1 cc of 10~ 2 n CoCl 2 + 6 ccs of water + 0-1 cc of 1 n NHfil 
+ 1*90 ccs of 1 n NH S +2 ccs of the hydrolysate 




3) 2 ccs of 10— 2 n CoCl 2 + 5 ccs of water + 0*55 cc of 1 n NHjDl 
+ 1*45 ccs of 1 n NH b + 1 cc of the hydrolysate 

4) 2 ccs of 10— 2 n CoCl 2 + 5 ccs of water + 0*1 cc of 1 n NHfil 
+ 1*9 ccs 1 n NH b 4 2 ccs of the hydrolysate. 

Thus, in solutions 1) and 3) the initial hydrolysate was diluted 
100 times, in solutions 2) and 4) — 50 times. It was found advisable 
to prepare two portions of each solution for cheeking purposes. After 
the electrolysis the concentration of cystine in solutions 1) and 2) 
was read on the calibration curve I and correspondingly in solutions 
3) and 4) on curve II. (See fig. 2.) The concentrations of cystine found 
in solutions 1) and 3) should be equal; the same holds for solutions 
2) and 4). The cystine content in the latter solutions should be twice 
as large as in solutions 1) and 3). 



50 x dilute solution of 1 a) 0-0342 gm» of hum. hair A, 1 b) 0-00075 gms of hum. 
hair A (in 1 cc), 2) 0*0341 gms of hum. hair E , 3) 0-0377 gms of wool, 4) 0-0031 gms 
of glutathione, 5) 0-1029 gms of blood-aJbumin, 6) 0-0597 gms of ogg-albumin 
hydrolysed with 10 ccs of 5 n HCl , electrolysed in 2 x 10— 8 n CoCl 2 in 1 {y—'nNHfil, 

The average of the 8 determinations gives the percentage of cystine 
in the wool as 9*56%, the extreme values being 10*07 and 9*18%. 

In the same manner cystine was determined in human hair of 
different colour and softness. The individual differences in cystine 
content which could be established with certainty could be brought 
in connection with the degree of softness of the hair, rather than with 
its colour. The coarse and firm hairs have lower content of cystine 
than the soft and fine ones. Some results of this investigation are 
given in table I, and Fig. 3. 
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It was evident that a much smaller amount of the protein substance 
could be taken for polarographic analysis than stated above. In this 
case it was only necessary to carry out the hydrolysis in a smaller 
volume of the acid. Thus, for such a microanalysis it was sufficient to 
take 0*5—0*7 mg of a hair (which corresponds to a single hair of a 
length of 6—8 cm) (Fig. 3, curve 1 6) and to hydrolyse it with 1 ccm 
of 5 n HCl for 6 hours in a test tube of 10 ccs capacity. 

This test tube has to be connected through a ground glass joint with 
a reflux condenser. After the completion of hydrolysis the solution is 
made up to 10 ccs with water, the hydrochloric acid titrated, and solu¬ 
tions 2 (and 4) (see above) are prepared. Because the resulting solutions 
contain cystine in the same order of concentration as when using larger 
amounts of protein substance, the same calibration curves may be 
employed for the determination of cystine as before. The errors in 
determination of cystine in such minute amounts of proteins are 
not much larger (± 7% of the total amount of cystine); this, however, 
is not due to the polarographic method, but to the operations accom¬ 
panying each microanalysis: thus, already in weighing one can commit 
an error exceeding 5 per cent. 

To find out if cystine is sufficiently stable in a boiling solution of 
hydrochloric acid the following control experiment was carried out. 
10 ccs of 5 x 10— 4 m cystine solution in 5 n HCl was boiled for 0 hours. 
The polarographic analysis showed that the content of cystine after 
this treatment agreed perfectly well with the amount initially present. 

In the preceding work 1 ) it was noted that cysteyl-glycine, obtained 
on the hydrolysis of glutathione, gives considerably higher catalytic 
waves than cystine. It seemed to be interesting to determine whether 
cystine obtained by hydrolysis of glutathione would also give higher 
results. The experiments have shown that, in effect, the results were 
higher than the theoretical value. (Calcul. 39*23%, found 54%.) This 
fact cannot be explained by the presence of cystine in glutathione, and 
therefore the problem must be left unsolved. 

Since the analyses of cystine in keratins have given reproducible 
results, which, on the whole, agreed well with the values quoted in 
literature, an attempt was made to apply the same method for the 
determination of cystine in other proteins. The procedure described 
above was found to be satisfactory also in this case. 

The results have shown that methionine — which was not available 
to the author — could not have an important influence on the catalytic 
effect of cystine. Thus, for example, the content of cystine in,,Albumin 



aus Ei“ and,,Albumin aus Blut“ (Dr. Fraenkel and Dr. Landau) agreed 
well with the literature data. See Table I. 


Table I. 


substance analysed 

°/ 0 of cystine 
mean value 

( 

results obtained by other authors 

12*0 (Welsh mountain wool) 

9*57 (Welsh mountain birth-coat)) 

wool (purest yam) 

9-0 { 


l 

7*3 k('rutin from sheep-wool 17 ) 

human hair A 

17*6 


(brown) 



human hair B 

17-8 


(blond, soft) 


13*92 (minimal value) 18 ) 

human hair C 

170 


(white, children’s) 


14*53 (brown hair) 19 ) 

human hair I) 

16*6 


(blond, coarse) 


11*55 (white hair) 20 ) 

human hair E 

14 1 


(red, very coarse) 


2*06—2-27 18 ) 

Albumin aus Blut 

2*0 

2*3 21 ) 

2*52°) 

Albumin aus Ei 

20 

2*3l 21 ) 

2*27°) 

human serum 

0*23 


•serum-proteins 

2*9 


serum-albumins 

3*4 

2* 5—4*23*) 

2-27 18 ) 

serum -globulins 

1*0 

1-2—2 8*) 

1-51 M ) 

human crystalline lens 

1*5—0-8**) 



Gawalowski and Gosman 23 ) and Gawalowski u ) have found 
that under certain conditions the sum of the polarographic waves 
appearing with solutions of albumins and globulins in ammonium 
-chloride was equal to the effect produced by an unfractionated 
solution of protein. In the author’s opinion these polarographic waves 
are due to the presence of the cystine nucleus in the substances 

*) 0. Hammarsten: Lehrbuch der physiologischen Chemie, 1920, p. 83. 

**) This value was found by B. Gosman and J. Franta”) which determined 
the amount of cystine by the author’s method in dependence on cataract. 
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concerned and therefore the* following experiments were made. 
0*5 ccs (0-51 g) of human serum was hydrolysed as described 
above with 20—25 ccs of 4 n hydrochloric acid for 10 hours. An 
equal amount of the serum was fractionated with 50 per cent satur¬ 
ated ammonium sulphate solution, according to the usual procedure 
employed for the separation of albumins and globulins. The total 
volume of the liquid was in this instance 5 ccs. Both fractions were 
then hydrolysed in the same manner as serum. On completion of the 
hydrolysis each of the three hydrolysates was made up to 100 ccs with 



a) 20 x. b) 50 x dilute hydrolysate of proteins, albumins and globulins from 
0*51 g hum. serum, boiled with 25 cam 4 n HCU electrolysed in 10— 1 n CoCl 2 
in 10- 1 n NHJOI in 10- 1 n NH ,. 

water and filtered; then the solutions were prepared for polarographic 
analyses as described above. (In the case of the albumin fraction 
ammonium ions were already present, because ammonium sulphate 
was used for salting-out.) The solutions could be prepared from hydro¬ 
lysates which were diluted 50- to 20-fold. (Fig. 4.) 

A lower dilution cannot be recommended, because the hydrolysates 
contain a very high concentration of the acid which cannot be neutra¬ 
lized with ammonia, since, otherwise, the concentration of NH\Cl may 
exceed 0*1 n; if instead of ammonia potassium hydroxide is used for 
neutralisation the solution will contain an excess of KOI, which also 
has an influence on the height of the catalytic wave. 

Several analyses in which the content of proteins, albumins and 
globulins in human serum was always gravimetricallv determined 
have shown that albumins contain approximately twice as much 
cystine as globulins. The sum of cystine in both fractions adds up, of 
course, to the content of cystine in untreated protein. 



The course of the hydrolytic splitting of proteins. 

As already mentioned, cobaltammine in the suitable buffer solu¬ 
tions produces the polarographic effect only with protein or an inter¬ 
mediary product of its hydrolytic splitting. Cystine in the presence of 
cobaltammine does not show any effect on the polarographic curve. 

Thus, it is possible to follow the course of the protein hydrolysis by 
estimating the change of concentration of the intermediary product 
of protein decomposition with time. 

For this investigation the same experimental arrangement for hydro¬ 
lysis was employed as before. The flask was, however, larger (100 ccs) 
and a narrow pipette was inserted through the condenser by means of 
which small volumes of the hydrolysate could be taken out at definite 
intervals during the boiling. 



50 x dilate samples from 0*3000 g woo! boiled with 50 com 5 n HCl and electro¬ 
lysed in 3 X 10— 3 n Co(NH^) 6 Cl 3 in 10— 1 n NHJOI in 10— 1 n NH 9 removed at 

stated time-intervals. 

When the hydrolysis was earned out with 5 n HCl, 0*2 cc of the 
hydrolysate was added always to a small beaker containing 1 cc of 
10— 2 m Co(NH z ) B Cl z and 6*8 ccs of water and the mixture was neutra¬ 
lised with 2 ccs of 1 n NH Z . When hydrolysing with acid of a different 
concentration the solutions were adjusted to contain 0*1 n NHfil 
and 0*1 n NH Z . 

The results most suitable for mathematical expression were obtained 
with wool and with human hair. These tissues dissolve in the boiling 
acid only after disintegration, so that at the time t = 0 the concentration 
of the intermediary product — which was responsible for the polaro¬ 
graphic effect — was also zero. The polarogram (Fig. 6) and diagrame 
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(Fig. 6 a and 6 b) show that the concentration of this product first 
increases with time to a maximum value, the time position of which 
depends on the concentration of acid, and then gradually decreases, 
until on the completion of hydrolysis it entirely vanishes. 

ISO 

i4o 
1*0 
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110 
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90 
80 
/o 
60 
So 
to 
JO 
20 
10 

0 10 20 30 40 Jo 6o 0 10 20 30 to SO DO 70 40 90 100 no 120 

Fig. 6 a. Fig. 6 b. 

Kinetics of decomposition of 0*300 g wool boiled with 50 ccm of 5 n HCl 
Fig, 6a), — 0*2963 g wool with 50 ccs of 2*5 n HCl (Fig. 6b), deduced from the 
variation of the height of wave of an intermediary product of hydrolysis with 

time. 

This course of the hydrolysis can be explained by assuming that in 
this reaction simultaneous formation and decomposition of this inter¬ 
mediary product takes place the concentration of which is supposed to 
be proportional to the height of the corresponding wave x. The author 
has tried to express the reaction rate by the following formula: 

( 1 ) — K,xt+K iat , 

where K x and K 2 are the velocity-constants of formation and decompo¬ 
sition of the intermediary product, respectively at is the amount of 
protein present at time t and Xt is the amount of the intermediary 
product at the same moment. Assuming further approximately that 
the hydrolytic decomposition of protein proceeds according to the 
formula 

da rr 

h— K ' a 




( 2 ) 


18 
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we obtain 

3) a t ■= a 0 e — K't, 


where a 0 is the amount of protein at t = 0. 

Now, from the formulae (1) and (3) we get the expression 


(4) X, == 00 ( e ~ K,, — e ~ Klt ) ■ 

The curve corresponding to the latter equation should have a maxi¬ 
mum at 




AV 


a 2 ln 


A'i 

a; 


In order to compare the equation (4) with the experimental curve, 
where for the values of x the heights of the corresponding waves are put 
in, it is necessary to write instead of a 0 , x^, where x ^ is the height of 
a wave which should be reached for the intermediary product after an 
infinite time (if it does not succumb to a further decomposition). For 
this the following relation must hold = a 0 . k. 

If we express a 0 by the number of grams of keratin going to 1 liter 
of hydrolysate, then x ^ is equal to the height of the wave corresponding 
to a quantity of intermediary product split from 1 gjl ceratin at the 
above mentioned dilution. 

The analysis of the curve obtained experimentally shows, however, 
only a rough agreement with equation (4). From a series of various 
constants derived for the equation (4) in order to cover the highest 
possible number of the measured values, the course of the experi¬ 
mentally obtained curves was best comprehended with the help of 
those, which were calculated from the maximal height of wave and 
from the descending part of the curve after the maximum was reached. 
The constants thus obtained are the following: 

For hydrolysis of 0-3000 g of wool in 50 ccs of 5 n HCl, i. e. a 0 = 6000 
K x = 0*87, K 2 *= 0-061, = 147-4, k = 24-6; 

for hydrolysis of 0-2963*7 of wool in 50 ccs of 2-5 nHCl, i. e. a 0 = 5*926 
= 0*18, K 2 - 0-017, - 153*7, k = 25-9. 

From these constants it follows that the intermediary product is 
formed from ceratin ca 11—14 times more rapidly than is its decomposi¬ 
tion velocity to cystine, and that for a twofold concentration of hydro¬ 
chloric acid the velocity constants are increased ca four times, i. e. they 
are approximately proportional to the square of the acid concentration. 
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Greater deviations existing in the ascending part of the curves 
taking part especially in the hydrolysis with 2*5 n HCl , can be caused by 
the fact that ceratin in the compact form cannot react instantaneously 
to a full extent with the acid, and thus the decomposition proceeds 
according to a more complicated function than is given by equation (2). 
The beginning of the theoretically constructed curves is, therefore, 
shifted somewhat to the right. Further discrepancies appearing in the 
parts of curves tending to limits can be explained probably by the 
circumstance, that we do not know exactly the dependence of the 
height of wave#*on the concentration of the intermediary product, the 
calculation being based provisionally on the assumption of proportion¬ 
ality of both these quantities. 


Summary. 

The catalytic effect of cystine in buffered solutions of cobaltous chlo¬ 
ride on the hydrogen deposition at the dropping mercury kathode 
was employed for quantitative microdetermination of cystine in protein 
hydrolysates. 

Cystine was determined in wool, in different specimens of human hair, 
in egg-albumin, blood-albumin, in serum, in serum-albumin and serum - 
globulin. The results agree with the literature data. 

In this method cystine is determined in solutions containing prefer¬ 
ably 5 x 10— 6 — 10~“ 4 gram-molecules of this substance (0*012—0*24 
mg of cystine in 10 ccs of the solution). The accuracy of a single deter¬ 
mination amounts to H 5% of the actual content of cystine. The accu¬ 
racy can be increased however, because it is possible to repeat the 
polarographic curves as often as one likes, one record taking not more 
than 5 min. time. 

An example of the determination of cystine in 0*0005 g of human 
hair is described, in which almost the same accuracy was attained as in 
experiments with larger amounts of proteins. 

In a suitable buffer solution containing cobaltammine, cystine formed 
during the hydrolysis of the protein does not show any influence on the 
polarographic curve, whereas the intermediary product of protein de¬ 
composition produces a considerable effect. This fact was employed for 
the investigation of the course of the hydrolytic splitting of proteins 
having a cystine nucleus. The content of intermediary product in the 
solution attains with time a maximum value and decreases again on 
continuation of the hydrolysis. The kinetics of this process are shortly 

18 * 
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discussed, the velocity constants of the formation and decomposition 
of the intermediary product in the hydrolysis of wool being roughly 
determined. 

Received , April 1933. 

The Physico-chemical Institute, 
Charles University , Prague. 
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ACTION DE L’ACIDE 

AZOTEUX SUR L’ACIDE PYROCAT^CHINE-4-SULFONIQUE 

par J. FREJKA et J. ZTKA. 

Dans un travail ant^rieur (Coll. 1931, 3, 550) nous avons signale 
que Taction de Tacide azoteux sur la pyroeatechine, en presence 
d’acide acetique anhydre et en solutions concentrees, donne de la 
t^tranitrosopyrocat^chine, en d’autres termes que le dit biphenol 
montre la tendance a laisser occuper par des groupes nitroso toutes 
les places substituables. En cela la pyroeatechine differe essentielle- 
ment de la resorcine qui ne donne qu’un deriv6 dinitrose. Les deux 
corps different d’ailleurs en ce que la pyroeatechine tetranitrosee 
fournit sur la laine mordancee aux sels ferreux ou chromiques non pas 
une coloration verte mais seulement brune. 

Pour elucider les reactions par substitution de la pyroeatechine, peu 
claires dans bien des cas, et, en meme temps, pour obtenir des derives 
pouvant offrir deTinteret d’une part comine colorants nitroses, d’autre 
part, comme agents de precipitation en analyse quantitative,*) nous 
nous sommes mis a etudier les corps qui se forment dans Taction de 
Tacide azoteux sur certains derives pyrocat^chiques. En premier lieu, 
nous avons dirige notre attention sur Tacide pyrocat6chine~4-sulfonique 
dont la preparation a 6t6 d^crite par Cousin (A. Ch. [7] 13, 511). 
C’est un corps d’acces tres facile. On peut le preparer par action directe, 
k chaud, de Tacide sulfurique concentre sur la pyroeatechine. L’auteur 
a isole du melange reactionnel directement le sel potassique en neu- 
tralisant par du carbonate de potassium. Nous avons toutefois trouve 
que pour obtenir un produit pur il est preferable de preparer d’abord 
le sel de baryum, de purifier celui-ci par cristallisation et de le trails* 
former (au moyen de Nc^SO^) en sel sodique qui eristallise tres bien. 
C’est ce sel qui nous a servi de matiere premiere pour preparer le d6riv6 
nitros£, il n’a done pas n^cessaire d’isoler a Y6 tat libre Tacide 
correspondant. 

*) Dans les demiers temps, la dinitrosor^sorcine, paroxemple, a etc utilisee 
dans le dosage quantitatif du cobalt (voir Orndorff-Nichols, J. Am. Ch. 
Soc . 45, 1439, TomiSek et Komarek, Z. anal. Ch. 91 , 102). 
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L’action d© l’acide azoteux sur le pyrocat6ehine-4-sulfonate d© sodium 
a d’abord 6te 4tudi6e dans l©s conditions qui nous avaient fourni la 
t£tranitrosopyrocat£chine, e’est-a-dire ©n faisant agir Facide ac^tique 
anhydre sur un melange d© solutions aqueuses concentrees de sulfonat© 
et azotit© sodiques. Cependant, Fexperience a montr£ qu’ici la reaction 
©st beaucoup moins tumultueuse que dans 1© cas de la pyrocat6chine 
non sulfon6e et qu© la mise en liberty de l’acide azoteux peut 6tre effec- 
tu 6e aussi au moyen des acides sulfurique ou chlorhydriqu© dilu^s qui 
produisaient une resinification complete lors de la nitrosation d© la 
pyrocat&dune. Les produits obtenus par Fun et Fautre procedes etaient 
identiques. 

En operant avec un exces d’acide azoteux nous avons obtenu comme 
produit principal le sel sodique de l’acide dinitrosopyrocat6chine-4-sul- 
fonique de constitution probable 

NO 



.ON a 

/ 

OH 


dans lequel deux parmi les trois hvdrogenes positifs se trouvent 
remplaees par du sodium. II s’agit done d’un sel acide, analogue 4 celui 
obtenu dans la preparation de la tetranitrosopyrocatechine; en dimi- 
nuant Fexc&s d’acide azoteux nous avons pu obtenir, outre ce sel, aussi 
un derive mononitrose que nous decrirons dans une communication 
prochaine. 

Soulignons que nos essais d’introduire des groupes nitroso k toutes 
les trois places substituables de Facide pyrocat6ehine-4-sulfonique ont 
echoue. 

A Faide de la mdme methode que pour le sel sodique nous avons 
pu obtenir le sel potassique en partant du sulfonate et de Fazotite 
potassiques. 

De Fun et Fautre sel nous avons pu, par action d’acide chlorhydriqu© 
concentre, mettre en liberty Facide sulfoconjugue d© constitution pro¬ 
bable 


NO 



ON 
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Les sels en question cristallisent ais^ment dans Teau chaude sous 
forme de petites aiguilles jaune brun et se laissent bien caracteriser. 
Leur solution aqueuse se colore en rouge sang par addition de chlorure 
ferrique. A Tetat sec, les sels, comme aussi Tackle libre, sont explosifs, 
ce qui rend assez difficile leur analyse. 

L’acide dinitrosopyrocatechine-4-sulfonique cristallise k Tetat de cris- 
taux aciculaires jaune d’or, detonant forteinent par chauffage. 

Une solution aqueuse de sel sodique ou potassique donne avec Jes 
sels de certains in6taux des pr6cipit6s peu solubles dans Teauetdont on 
peut se servir pour caracteriser Tacide. C’est ainsi qu’on a pu preparer 
a Tetat cristallise les sels de baryum, de strontium, de calcium. Tous 
se separent sous forme de petites lamelles jaune d’or et renferment 
1 molecule de base pour 1 molecule d’acide sulfonique. Ici encore, on 
est done en presence de sels ,,acides‘‘presentantTundesgroupespheno- 
liques a Tetat libre. Les sels contiennent un nombre variable d’eau de 
cristallisation. Le sel de plomb, par contre, obtenu en precipitant par 
Tacetate de plomb le sel sodique, seseparait k Tetat d’une poudre brune 
non homogene. Dans divers echantillons sa teneur en plomb variait. 

Le sel d’argent, prepare par precipitation a Tazotate d’argent, formait 
de belles aiguilles rouge violet, explosives. Les sels magnesiens ne 
precipitent pas la solution aqueuse du sel sodique, de meme les sels 
de cobalt ou de nickel. Les sels ferriques agissent comme oxydants. 

En vue d’une characterisation plus complete de Tacide dinitrosopyro- 
cat^chine-4-sulfonique nous Tavons reduit par retain et Tacide chlor- 
hydrique en acide diamino. Avec cette diamine nous avons prepare 
le chlorhydrate cristallise, le picrate, et le derive aeetyle,que nous avons 
characterise en determinant leur teneur en azote. La diamine estun corps 
fortement reducteur. II nous a et£ impossible d’obtenir les sels doubles 
(lu chlorhydrate avec les ehlorures auriquo ou platinique. En effet, 
lorsqu'on essaie de les preparer, il y a reduction instantanee en metal. 

La diamine libre ne se laisse pas isoler k Tetat permettant une 
analyse, parce qu’elle s’oxyde d£j k au contact de Tair. Cette oxydation, 
qui est encore plus facile, si Ton se sert de chlorure ferrique, parait 
donner une quinone 



qui se separe sous forme d’un pr£cipit4 vert fonce, presque insoluble 



m 

dans l’eau et les solvants organiques. Des quinones analogues ont 6te 
prepares k partir de la diaminopyrocatechine par Nietzki et Moll 
( B. 26. 2184) et E. Hoehn ( Helv . 5, 275). 

Sur la laine mordancee au sulfate ferreux ou au bichromate de potas¬ 
sium l’acide dinitrosopyrocatechine-4-sulfonique donne uneteinte jaune 
brun jusqu’a brune. 

Une coloration verte (telle qu’on l’obtient avec la dinitrosoresorcine) 
n’a pas etc observ^e. 


Partie experimental©. 

Pour tous nos essais nous sommes partis d’une pyrocatechine pure 
provenant de la maison Riedl—E. de Haen et fusible a 104°. Ce produit 
convenait parfaitement sans avoir besoin d’etre recristallise. 

Sulfonation de la pyrocatechine. 

I partie de pyrocatechine et 2 parties d’acide-sulfurique concentre 
ont ete chauffees, pendant 3 heures environ et en agitant frequemment, 
au bain-marie. Le melange reactionnel a ete neutralise par du carbonate 
de baryum solide, filtre k chaud, concentre par evaporation et aban- 
donne a la cristallisation. 

II s’est depose le sel barytique de l’acide pyrocatechine-4-sulfonique 
qu’on a purifie par plusieurs recristallisations dans l’eau chaude. 
Le produit pur a ete transforme en sel sodique par la quantite 
calcuiee de sulfate de sodium. Le filtrat concentre par evaporation 
a fourni par refroidissement le sel sodique en jolis cristaux blancs 
qu’on a purifie par des cristallisations repetees. 

Le sel potassique a ete prepare de la memo maniere que le 
sodique. 

Sel de sodium del’ acidedinitrosopyrocatechine-4-sul- 

f oniq ue. 

Dans nos premiers essais, la nitrosation presentait des difficultes 
considerables, dues sans doute k la formation simultanee de plusieurs 
produits. Nous nous sommes arretes, enfin, au procede suivant: 

I. Nitrosation en milieu sulfurique dilui: A 2 gr d’acide pyrocatechine 
-4-sulfonique dissous dans 10 cc d’eau on ajoute une solution de 0 gr 
d’azotite de sodium (a 100%) dans 16 cc d’eau. Le melange est ramene 
par de la glace k 0°, puis addition^, par petites portions et en agitant 
constamment, de 5 cc d’acide sulfurique etendu (1 : 1) de maniere 
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k en consommer la totality dans 15 minutes. Dfes Introduction des 
premieres gouttes d’acide sulfurique la liqueur prend une coloration 
rouge sang intense et laisse echapper des vapeurs nitreuses brunes. 
Tout l’acide sulfurique introduit, le melange est abandonne au 
repos. Au bout de quelques minutes il commence k separer le 
derive nitrose sous forme d’une poudre cristallisee jaune brun ou de 
fines aiguilles de m£me couleur. Apres 2 heures de repos k la tempe¬ 
rature du laboratoire on essore energiquement et lave le produit avec 
peu d’eau (10 cc environ). Pour l’avoir pur, on le recristallise plusieurs 
fois dans l’eau chaude d’oii il se depose en belles aiguilles jaune brun. 

Avant d’etre analyse, le sel sodique a ete desseche par un sejour de 
plusieurs jours, a la temperature ordinaire, dans le vide calcique. Le 
dosage de sodium a ete effectue en creuset en 6vaporant la substance, 
avec precaution, avec de 1’acide sulfurique dilue (l’acide sulfurique 
concentre ne saurait etre employe, parce qu’il provoque une explosion du 
sel). Le residu sec a ete calcine et le sulfate de sodium obtenu a ete pese. 

Substance: 0-1320 gr , Na 2 SO 4 0*0589 gr, 0-1280 gr y Na 2 SO x 0-0566 gr. 

0*1504 gr, perte a 110° 0-0123 gr d’eau. 

0-1492 gr, N 2 11*8 cc (17°, 742-4 mm.) 

C\H (N0) 2 (S0 3 Na)0H(0Na.) 1 
Galenic Na H 2 0 N 

14-42% 8-46% 8*78%. 

Trouve 14-35%, 14-32% 8-18% 9-09%. 

II. Nitrosation en milieu acdtique anhydre: On procede comme dans 
la preparation I avec cette difference que l’acide sulfurique est rem- 
place par 5 cc d’acide acetique anhydre. La reaction s’accomplit bien 
plus lentement qu’en employant l’acide sulfurique et ce n’est qu’apres 
24 heures que le produit nitrose se separe en fines aiguilles jaune 
brun. On le purifie comme ci-dessus, et Ton obtient un corps identique 
au precedent, ainsi qu’il ressort des dosages du sodium. 

Substance: 0*1151 gr , Na 2 SO ly 0-0507 gr— 14-26% de Na. 

0-1726 gr, Na 2 SO v 0-0764 gr^ 14-33% de Na. 

Quant au rendement en sel sodique, il est presque le meme dans 
l’un et l’autre procedes, c’est-&-dire environ 30%. Le reste de la 
pyrocatechine se transforme d’une part en derive mononitrose (dont 
il sera question plus bas), d’autre part, peut-etre en derive trinitrose 
qui toutefois n’est point stable et subit aussitot une profonde decom¬ 
position. Le groupe sulfo s’y detache partiellement k letat d’acide 
sulfurique qu’on peut aisement deceler dans le liquide reactionnel. 
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Sel sodique de Pacide dinitroso-4-sulfonique. 

II est en cristaux jaune brun aciculaires, peu solubles dans Peau 
froide, mieux dans Peau chaude, tres peu solubles dans les solvants 
organiques. La solution donne avec certains sels de metaux, tels que 
ceux de calcium, de strontium, de plomb, des precipit^s cristallins, le 
plus souvent de couleur jaune d’or v tres peu solubles dans Peau. Le 
chlorure ferrique donne une coloration rouge sang, ce qui diff6rencie 
le coi^ps des derives pyrocat^chiques k groupes ph^noliques libres et 
qui fournissent une coloration verte ou bleu vert. II parait se former 
un produit d’oxydation que nous n’avons toutefois pas r^ussi k isoler 
sous une forme susceptible d’etre analysee. 

Sel potassique de l’acide. 

11 a et£ prepare par action d’azotite de potassium et d’acide sul- 
furique sur le sel potassique de Tackle pyroeatechine-4-sulfonique en 
operant dans des conditions analogues a celles decrites pour le sel de 
sodium. 

Le produit pur est en aiguilles jaune brun. Son analyse, effectuee 
comme pour le sel sodique, a revele 24-07% de potassium (0*1562 gr 
de substance ayant donne 0*0846 gr de A 2 £0 4 ), alors que le calcul 
pour C\H(NO) 2 (SO^K)(OK)(OH) conduit a 24*07%. 

Acide dinitrosopyrocatechine-4-sulfonique libre. 

Nous avions d’abord essay£ de preparer cet acide de la fagon 
suivante: Le sel de baryum a H6 decompose par la quantity calculee 
d’acide sulfurique. Le filtrat apres BaSO 4 a concentre en vue de 
la cristallisation. Malheureusement, pendant cette operation il se de- 
composait d6ja, et le produit se refusait k cilstalliser. 

Le resultat 6tait bien meilleur lorsque nous avons remplac6 Pacide 
sulfurique par Pacide chlorhydrique et le sel barytique par le sel 
sodique (ou potassique). Le sel pur, dissous dans peu d’eau,a6t6 addi¬ 
tion^ d’un excfes d’acide chlorhydrique en ayant soin d’agiter. Le 
melange s’^chauffait et s^parait bien tot des aiguilles jaune d’or ded6riv6 
dinitros^. Dans le cas oh le sel sodique initial n’avait pas 6t6 complfete- 
ment dissous, on pouvait observer la transformation successive de la 
poudre cristalline en aiguilles d’acide sulfonique libre. Le produit brut a 
ete recristallis6 dans Pacide chlorhydrique et formait alors de fines 
aiguilles jaune d’or, bien solubles dans l’eau m6me a froid, tr&s peu 
dans les solvants organiques. L’acide chlorhydrique concentre et chaud 
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provoque une decomposition complete. Au contact d’une flamme ou 
par choc, le corps detone fortement. 

Pour etre analyst, Facide sulfonique a ete ramene a Fetat de sel 
sodique, dans lequel on a dose le sodium par evaporation avec de 
Facide sulfurique. 

Substance: 0-1383 gr, Na^SO A 0*0623 gr. 

C % H(N0) 2 (S0 3 Na)(0Na)(0H)iy 2 H 2 0: 

Calcuie Na 14-42%. 

Trouve Na 14-59%. 

Sel de baryum acide. 

A une solution aqueuse chaude de sel sodique ou potassique on 
ajoutait, goutte a goutte et en agitant, une solution chaude de chlorure 
de baryum en faible exees. Limpide au debut, la solution se met 
bientot k separer de petites aiguilles jaune d’or, difficilement solubles 
dans Feau meme chaude. On les essore, lave avec soin al’eau, desseche 
dans le dessiccateur au-dessus de CaCl 2 . Le sel sec est explosif, il 
d^tone fortement sous Faction de la chaleur ou au choc. 

L’analyse a et6 effectu6e en £vaporant doucement avec de Facide 
sulfurique et en calcinant le r^sidu sec. 

Substance: 0-1379 gr, BaSO A 0-0784 <//*. 

0-1268 gr, BaSO 4 0-0719 gr. 

0-1057 gr , perte k 110° 0-0067 gr. 

(J e H(NO) 2 {OH )($0 3 )(0)Ba. 1 % H 2 0: 

Calcuie Ba 33-51°/ 0 , H 2 0 6-59%. 

Trouve Ba 33-35%, 33-77%, H/J 6-34%. 

Sel de strontium acide. 

11 a 6te prepare comme le precedent mais avec du chlorure de 
strontium, et presente des propri6t&j analogues. II est ^galement ex- 
ploaif. L’analyse, elle-aussi, a ete executee comme pourle sel barytique. 

Substance: 0-1880 gr, SrSO 4 0-0884 gr. 

0-1880 gr, perte k 110° 0*0290 gr. 

0-1841 gr, SrSO A 0-0863 gr. 

0-1841 gr, perte k 110° 0-0285 gr. 
C e H(N0) 2 (0H)(S0 3 (0)Sr. 1 y 2 H 2 0: 

Calcul6 Sr 22-09%, Hfi 15-88%. 

Trou v6 Sr 22-42%, 22-35%, H 2 0 15-43%, 15-88%. 
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Sel de calcium acide. 

Preparation et proprietes analogues a celles des sels precedents. 
Laraelles jaune d’or. 

Analyse: 

Substance: 0*1346 gr , CaSO 4 0*0538 gr. 

0*1425 gr , 0*0568 gr . 

C 6 H(N0) 2 (0H)(S0 9 )(0) Ca. 3 tf 2 0: 

Calcule Ca 11*79%. 

Trouve Ca 11*76%, 11*73%. 

Sel d’argent acide. 

Une solution aqueuse de sel sodique a ete precipitee a chaud par 
une solution aqueuse d’azotate d’argent k 10%. Le produit se separe 
en belles aiguilles insolubles dans l’eau et d’autres solvants. II a ete 
essore, lave soigneusement avec de 1’eau, puis seche sur du CaCl 2 . 

Pour l’analyse, le sel a ete maintenu a 110° jusqu’a poids constant. 
II est fortement explosif. Dans le dosage del’argent la substance a ete 
chauffee pendant quelque temps avec un exces d’acide azotique et 
apres la destruction de la matiere organique on a precipite par HCL 

Substance: 0*1677 gr , AgCl 0*1033 gr. 

C 9 H(NO) 2 (OH){SO B Ag)(OAg): Calcule Ag 46*75%. 

Trouve Ag 46*35%. 

Reduction de l’acide dinitrosopyrocatechine-4-sulfonique 

en diamine. 

A 1*5 gr de sel sodique (ou potassique), delayes dans 10 cc d’eau, 
et de 7 gr d’etain refondu, pulverise, on ajoutait, par gouttes et en 
agitant energiquement, 7 gr d’acide chlorhydrique concentre (a 36%). 
D£s l’introduction des premieres gouttes d’acide chlorhydrique la liqueur 
jaune prenait une coloration rouge sang jusqu’a violette (parfois il 
se separait un produit intermediate k l’etat de fines aiguilles insolubles 
dans l’eau et Tackle chlorhydrique, mais qui par chauffage au bain- 
marie entraient bientot en solution). Le liquide reactionnel a ete aban¬ 
don^ pendant un quart d’heure environ, en agitant de temps a autre, 
jusqu’a complete clarification. II a ete separe ensuite de 1’etain metal- 
lique, additionne, apres refroidissement, de 8 cc d’acide chlorhydrique 
de concentration mention nee, et le tout a ete refroidi par de la glace. 
II y a eu aussitfit separation de cristaux blancs, aciculaires du chlor- 
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hydrate de diamine qu’on a ess or 4, lave k l’acide chlorhydrique con¬ 
cents et k l’alcool, dans lesquels il est peu soluble, tandis qu’il se 
dissout facilement dans Peau. 

Si, au moyen d’ammoniaque, on met en liberte la base, on Pobtient 
sous forme d’un pScipite blanc qui s’oxyde rapidement deja au contact 
de Pair. On peut Pac^tyler ou le transformer en picrate. Par contre 
la preparation des sels doubles avec les chlorures aurique ou platinique 
ne Sussit pas, car il y a reduction instantanee en metal. 

Analyse: 

Substance: 0-1253 gr , N 2 10*8 cc (18°, 747 mm). 
CtH(SO z II)(OH)(NH 2 ) 2 .2HCl: 

Calcule N 9*50%. 

Trouve N 9-93%. 

Picrate de l’acide diaminopyrocatechine-4-sulfonique. 

A une solution de chlorhydrate on ajoutait goutte a goutte et en 
agitant une solution d’acide picrique. Les aiguilles jaune d'or separees 
ont ete essorees et lavees a Peau. Elies sont assez solubles dans Palcool. 
Chauffees, elles noircissent d’abord, puis brulent avec une faible explo¬ 
sion sans fondre auparavant. Le point de decomposition a ete trouve 
entre 148 et 150°. 

Le sel n’est pas stable k Pair, il finit par acquerir une couleur verte. 

Analyse du produit s£che sur CaCl 2 : 

Substance: 1301 gr , N 2 16*2 cc (17°, 745 mm). 

0 1234 gr , perte k 110° 0-0146 gr. 

C 6 H(S0 3 H)(0H)(NH 2 ) 2 .2 C e H 2 (0H)(N0 2 ) 3 .5 H 2 0 : 

Calcule N 14-58%, H 2 0 11-78%. 

Trouv6 N 14-37%, H 2 0 11-83%. 

Oxydation de la diamine en quinone. 

a) Par Pair: A une solution aqueuse pas trop etendue de chlor¬ 
hydrate on ajoute, par gouttes et en agitant, de Pammoniaque diluee. 
On voit se s^parer un pr^cipite de diamine, blanc d’abord, mais qui 
verdit rapidement sous Paction oxydante de Pair. On fait passer de 
Pair dans le liquide. Quand, au bout d’une demi-heure, Poxydation 
est terming, on essore le produit presque noir k reflet metallique 
rouge&tre, on lave soigneusement k Peau et seche sur CaCl 2 . 
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Note: Si Fammoniaque est ajoutee k une solution de chlorhydrate 
de diamine tr&s etendue, on n’obtient pas de precipite, mais seulement 
une coloration bleu intense. 

b) Par le chlorure ferrique: Dans une solution aqueuse de 
chlorhydrate de diamine on introduit par gouttes une solution de 
chlorure ferrique k 10%. La premiere goutte provoque une coloration 
rouge intense, les suivantes determinent un virage successif au brun 
etau vert pour donner enfin un precipite vert fonce dequinone. Lorsque 
la separation de celle-ci cesse, on arrete l’addition du sel ferrique. Le 
traitement ulterieur est celui de Fessai precedent. Le produit est ici 
un peu plus clair que dans la preparation au moyen d’air. 

Analyse: 

Substance: 0-1685 gr, N 2 18-6 cc (17°, 748 m/m), 
(NH 2 )z(8(). s H)0 2 : 

Calcule N 12-84%. 

Trouve N 12-74%. 

Acetylation de la diamine. 

1 mol. do chlorhydrate de diamine, 10 mol. d’anhydride acetiquo et 
quelques gouttes d’acide sulfurique concentre sont chauffes a Febul- 
lition, a reflux, pendant une y 2 heure. Le liquide r<$actionnel est versed 
dans de Feau froide. 

Les fins cristaux blancs oi^ legerement violatres du produit sont 
essores, laves soigneusement avec de Feau, puis seches sur CaCl 2 . 
Le produit ne se laisse pas purifier par cristallisation, parce qu'il est 
tres peu soluble dans Feau et dans les sol van ts organiques. Par la 
chaleur, il se decompose sans fusion prealable. 

Analyse: 

Substance: 0*1072 gr, N 2 6-4 cc (17°, 743 mm), 
C 6 H(SO,H)(NHCOCH,) 2 (0 C0CH b ) 2 : 

Calculi N 7-22%. 

Trouve N 6-87%. 


In8titut de Chimie organique 
a V University Masaryk de Brno 
( Tchdcoslovaquie ). 



ACTION OF ULTRA-VIOLET RAYS ON ETHANE 


by W. KKMULA, ST. MRAZEK and ST. TOLLOCZKO.*) 


I. Introduction. 


1. The action of ultra-violet radiation on a mixture of ethylene 
with hydrogen in presence of mercury vapour was studied by Taylor 
and Marshall (J. Physical. Chem . 1925, 29 , 1140), Taylor and 
Bates (J. Amer. Chem. Soc. 1927, 49 , 2438) and Olson and Meyers 
(J. Amer. Chem. Soc. 1920, 48, 389 and 1927, 49, 3131). It was ascer¬ 
tained by a static method that under low and normal pressures ethy¬ 
lene undergoes a hydrogenation to ethane according to the equation: 


CJI 4 + Ih 


h v (A - 2f>37 A) 

- , C fl 

1 2 /J G’ 


Formation of higher hydrocarbons besides ethane was explained by 
decomposition and polymerization of ethylene. It was also admitted 
that the saturated hydrocarbons formed under these conditions do 
not undergo any change (Taylor, Trans. Faraday Soc. 1926, 21, 560). 

However, the experimental results of later investigations did not 
corroborate this supposition: for example, Frankenburger and Zell 
( Z. physikal. Chem. 1929, B 2, 399) established the decomposition of 
pentane C\H n by the action of the radiation of a quartz lamp in pre¬ 
sence of mercury vapour. 

There upon W. Kemula (Rocz. Chem. 1930, 10, 273) demonstrated 
the decomposition of ethane and stability of methane under the action 
of a quartz lamp, which is at variance with the results of the work 
of Landau (C. R . 1913, 155 , 403) as to the stability of ethane. 

While the present investigations were being carried on further papers 
were published confirming the instability of saturated hydrocarbons 
under the influence of light of a quartz lamp (Bates, J. Amer . Chem. 
Soc . 1930, 52, 3825; Taylor and Hill, Ibid. 1929, 51, 2922). 

*) Published in Polish in No 20 of the “ ChemicM Listy ” 1932, p. 466, celebrat¬ 
ing Prof. E. VotoCek’s sixtieth birthday. 
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2. As is known, the thermochemical value of the linkages (C — H) 
(70—100 kcal) and (C — C) (83—102 kcal) in the homologous series 
of the saturated hydrocarbons is nearly the same; it could thus be 
expected that these hydrocarbons would show similar behaviour under 
the influence of the same activating agent — in the instance given 
under the action of the resonance radiation of mercury vapour of 
wave length 2537 A. 

Considering the fact that ethane undergoes decomposition (Kemula 
loc. cit.) and that the energy values of the linkages in the ethane 
molecule are nearly the same, it was appropriate to investigate more 



Fig. 1. 


closely the mechanism of this change, and especially to ascertain the 
place of rupture of the linkages in the molecules of ethane. — The 
present paper is concerned with this investigation. 

II. Experimental part. 

A. Apparatus. — 1. Ethane was obtained by a modified method 
of Moser (W. Kemula, Przemyst Chemiczny 1928, 12, 411). The gas 
analyses were made by the method of Czako. 

2. The apparatus consisted of a lamp, L, a reaction vessel of trans¬ 
parent fused quartz, B, a vessel with phosphorus pentoxide, a mano¬ 
meter, M, the stopcocks, D, E, and F, an arrangement for cooling 
the lamp, G, a voltmeter, an ammeter and a millivoltmeter for the 
thermocouple. This last was placed between the lamp, L , and the 
vessel, B . The instruments for electrical measurements are not shown 
in Fig, 1. 
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3. As source of ultra-violet radiation a vertical pattern of mercury 
quartz lamp, L> was employed placed within a cylindrical quartz 
reaction vessel, B, The distance between the walls of this vessel and 
the lamp was 2 mms, the capacity of the reaction vessel being 180 ccs. 

4. A special arrangement for a reversible transfer of gases through 
the reaction space consisted of two pipettes, PP. The capacity of the 
apparatus (Fig. 1) was 1200 ccs. The reaction products were frozen 
out in spiral vessels placed in a Dewar container. The temperature 
of the freezing bath was generally — 80° 0. Mercury was used as 
sealing liquid. 



The dependence of the yield of hydrogen and of the diminution of pressure 
on the temperature of the lamp. 

B. Measurements. - — After having made some preliminary experi¬ 
ments with methane, which in accordance with the results of earlier 
investigators did not change under these conditions, we proceeded 
with the investigation of ethane. 

5. Preliminary experiments with ethane were perfomed using the 
statical method (the gases being in rest). It was ascertained that 
ethane undergoes a change, the velocity of this change depending 
decidedly on the temperature of the lamp, i. e. on the intensity of 
the active radiation. 

Fig. 2 illustrates sufficiently this interdependence of the decom¬ 
position of ethane and the temperature of the lamp. These experiments 
were made under the same initial pressure, P 0 = 630 mms Hg and 
within the same period of time, A t = 250 minutes. 
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6. It follows from these preliminary experiments, as had already 
been ascertained earlier by one of us, that ethane undergoes a photo¬ 
chemical decomposition and condensation, hydrogen H 2 , methane CH l 
and higher gaseous and liquid hydrocarbons being formed. In some 



volume of the condensate. (The experimental conditions s. table' II, No 3.) 

experiments of a longer duration the hydrogen content attained a value 
up to 80%. These composition changes of the gas phase were always 
accompanied by a fall of pressure in the reaction space. The absence 
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Fig. 4. 

The continual line — the pressure of the gas. — The accentuate one — the 
volumo of the condensate. (The experimental conditions s. table II, No 4.) 

of unsaturated hydrocarbons in the gas phase does not, however, 
exclude th6ir formation, it being known from the work of Berthelot 
and Gaudechon ( C . i?. 1910, 155) and others that the hydrocarbons 
easily undergo polymerization under such conditions, forming liquid 
and solid products. 
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The reaction velocity is very low, as the present investigation shows, 
spite of the direct and complete utilization of the radiation owing 
the immediate vicinity of the quartz lamp to the reaction vessel. 



The continual lino — the pressure of the gas. — The accentuate one — - the 
volume of the* condensate*. (The experimental conditions s. tableau* No 5.) 

7. In the further course of the investigation systematic measurements 
were made, in order to ascertain, how the composition of the gas and 
the liquid phase changes with variation of: 1. the initial ♦pressure, 
2. the temperature of the receiver, and 3. the velocity of flow of the 
gas through the reaction space. 



Fig. 6. 

The continual line — the pressure of the gas. — The accentuate one — the 
volume of the condensate. (The experimental conditions s. table II, No 6.) 

The progress of the reaction was followed up manometrically as 
well as analytically. Besides this the volume of the condensate, i. e. 
the liquid reaction products which had separated at the temperature 
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of—80° C was measured. Detailed results of these measurements are 
contained in the Table I and graphically represented in Fig. 3, 4, 
5 and 6. 

The general results of the measurements made are given in Table II. 

For the purpose of comparison of the experiments 1 and 2 (Table II), 
the duration of which was 4630 minutes, with the following ones, 
the percentage of hydrogen corresponding to 2240 minutes expired, 
was calculated on the basis of the final analysis according to formula: 


% (2240) = 


( Po -Pg) % ( 4630 ) 

(Po-Pi) ' 


where P 0 is the initial pressure, P 1 the pressure after 2240 minutes, 
and P 2 that after 4630 minutes. 


Full data on the reaction of irradiated ethane. 
Table I. 

Experiment No 1. Experiment No 2. 


Time r 
in minutes. 

Pressure p 
in mtns Hg. 

Volume 
of fclie 
condensate 

Time t 
in minutes. 

Pressure p 
in mm8 Hg. 

Volume 
of the 
condensate 



in ccs. 



in ccs. 

0 

429 

0 

0 

806 

0 

300 

424 

0-015 

470 

797 

0017 

510 

422 


650 

789 


750' 

418 

0-036 

880 

782 

0105 

980 

413 


1420 

770 

017 

1230 

407 

0-07 

1590 

761 


1510 

402 


1680 

757 

0*235 

1740 

399 

0125 

1960 

753 


2010 

397 


2215 

745 

0*315 

2240 

392 

0-21 

2470 

735 


2490 

392 


2670 

734 

0*365 

2720 

391 

0-25 

2870 

730 


2960 

388 


3080 

730 

0*42 

3200 

384 

0-275 

3340 

728 


3470 

383 


3515 

723 

0*46 

3640 

381 

0-3 

3770 

716 


3920 

379 


4075 

710 

0*535 

4180 

378 

0-345 

4290 

708 

0*56 

4370 

375 


4530 

703 

0*58 

4630 

374 

0-38 

4630 

703 

0*6 
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Experiment No 3. 

Experiment No 

4. 

Time i 
in minutes. 

Pressure p 
in mma Hg. 

Volume 
of the 
condensate 
in ccs. 

Time r 
in minutes. 

Pressure p 
in mms Hg. 

Volume 
of the 
condensate 
in ccs. 

0 

1203 

0 

0 

1186 

0 

205 

1160 


190 

1181 


430 

1143 

0-28 

360 

1174 


700 

1119 

0-42 

1010 

1173 

0-04 

890 

1106 

0*47 

1150 

1173 


1100 

1099 

0-585 

1420 

1170 

0-06 

1345 

1082 

0-66 

1820 

1170 


1595 

1076 

0-70 

2015 

1170 


2000 

1067 

0*74 

2240 

1168 

0-09 

2240 

1065 

0-75 




Experiment No 5. 

Experiment No 

6. 

Time r 
in minutes. 

Pressure p 
in mms Hg. 

Volume 
of the 
condensate 
in ccs. 

Time r 
in minutes. 

Piessure p 
in mms Hg. 

Volume 
of the 
condensate 
in ccs. 

0 

1097 

0 

0 

1097 

0 

350 

1083 

0*08 

430 

1073 

0-09 

550 

1073 

013 

995 

1042 

0-26 

960 

1049 

0-26 

1580 

1005 

0-4 

1915 

1029 

0-31 

2085 

987 

0-51 

2240 

1027 

0-34 

2240 

980 

0-52 

8. The 

experiments 

No 1, 2, 

and 3 (Table IT) made under the 


same conditions, but at different initial pressures , P 0 , show that the 
contraction of the gas as well as the volume of the condensate increase 
with the rise of the initial pressure, whereas according to the analysis 
of the gas phase the percentage of hydrogen is continually decreasing. 

However, this fact does not indicate a diminishing yield of the re¬ 
action with increasing initial pressure — it is namely to be taken 
into consideration that the number of gas molecules present every 
time in the reaction space increased proportionally to the pressure. 
Indeed, the product of the initial pressure and the percentage of hydro¬ 
gen is a nearly constant quantity: 

Experiment No 1: 429 x 15*7 = 6735 

„ „ 2: 806 x 8-9 = 7173 

„ ,, 3: 1202 x 5-6 = 6731 



Table II. 

Summary of experiments on the photochemical decomposition of ethane. 
Constant conditions: Current: I = 2*6—2*7 amp. Tension: V = 26 volts. 
Temperature measured with a thermo-couple: t = 50° C. 
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This shows, that the amount of hydrogen formed in equal intervals 
of time is the same, and thus the number of (C — H) bonds activated 
is also the same. The increasing amount of the condensate in the 
series of these experiments is explained by the greater ease of lique¬ 
faction of molecules of the short-chain hydrocarbons formed, when 
the initial pressure is higher. 

9. The dependence of the condensation on the temperature of the receiver 
is evident from experiment 4 made under conditions otherwise ana¬ 
logous to those of experiment 3. Only the temperature of the receiver 
was changed by cooling it to only — 20° C by means of a mixture of 
snow and salt. The contraction and also the amount of the condensate 
obtained is considerably smaller here (comp. Pig. 3 and 4, as well 
as Table II) than in the experiment where the temperature of the 
receiver was — 80° C, whereas the amount of hydrogen remained ap¬ 
proximately the same (Table II). 

This demonstrates that the number of activated linkages is really 
the same in both instances, but that in experiment 4 the reaction 
proceeded in the direction of formation of deeply condensed, heavy 
hydrocarbons, where, as is seen from the condensation reaction: 

n C 2 Hq ■* C 2 n H\ n 4- 2 + (V' 1) 

the more molecules of ethane are used up in the formation of one 
molecule of the condensate, the smaller will be the drop in pressure 
(W. Kemula, 1. c.). This is the reason also, why the experiments 
performed at low pressures show T a s?nall contraction. Similarly the con¬ 
traction is small also , when the temperature of the receiver is high . 

After finishing this experiment the light condensation products 
formed in the gas phase (C 4 // 10 ) w r ere liquefied by lowering the temper¬ 
ature to — 80° C, and then liberated by fractional distillation of this 
condensate. 

10. The dependence of the condensation on the velocity of flow is illustrat¬ 
ed by experiments 5 and 6. In both experiments (for complete data 
see Tables I and II) the amounts of hydrogen are approximately equal, 
which demonstrates that the number of activated bonds does not 
depend on the velocity of flow of the gas. The contraction of the gas 
as well as the quantum of the condensate formed increases with in¬ 
creasing velocity of flow of the gas. 

In all experiments of the present investigation the formation of a 
small amount of methane (H 2 : CH i = 3-5 :1) was ascertained. 
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11. Fi*om the analyses of the gas phase remaining after the irradiation 
it follows that under constant conditions of illumination: 

1. the number of activated linkages does not depend on the initial 
pressure; 

2. the number of activated linkages does not depend on the velocity 
of flow of the gas; 



Fig. 7. 

The course of distillation of the condensate from the experiment No 1. (Analysis 

s. table III.) 

3. the composition of the gas phase depends on the temperature 
of the receiver; 

4. the composition of the gas phase depends on the velocity of flow 
of the gas: when this velocity increases, hydrocarbons with short 
chains are formed; and finally, 

5. the drop in pressure (amount of the condensate) is the larger, 
the greater is the velocity of flow. 
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12. Analysis of the condensate . — After completion of the experiment 
the condensate was submitted to fractional distillation and the fractions 
obtained were analysed. 

Because the amounts of the condensate were small (up to 0*5 gr) 
a suitable method was devised to determine the volume of separate 
fractions for the purpose of graphical representation of the course of 
the distillation (St. Mrazek, Dissertation , Lwow, 1929). 



The course of distillation of the condensate from the experiment No 2. (Analysis 

s. table III.) 

The condensate obtained in each experiment was divided by distil¬ 
lation into three main fractions: 

1. A fraction passing over between —- 80° and f 15° C; 

2. a fraction distilling between + 15° and + 100° C, and 

3. the highest fraction going over above + 100° 0 — the residue. 

Instances of the course of distillation of the higher fractions are 
represented in Fig. 7 and 8. In every experiment two distillations 
were made. On the diagrams the higher'curve represents the changes 
of volume of the liquid in dependence on the temperature. The lower 
curve gives the volumes of the fractions obtained within 10° C. 

The results of the distillations are summarized in Table III. 




Table III. 

Summary of analyses of the liquid condensate. 
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13. Analysis of the heaviest fraction. — The heaviest fraction (above 
100° C) was really the. residue remaining after distilling off the more 
volatile components. This residue was submitted to further investi¬ 
gation. 

The elementary analysis gave following results: C: 84*5%, H : 161 %, 
sum of both: 100*6% 

From this the calculated ratio of the number of carbon atoms to 
that of hydrogen atoms corresponds to the formula C n H 2 . 2gn . This 
suggests thus the supposition that probably the main constituent of 
this condensate is octane ( C n FI 2 . 2hn ), or a mixture of hexane, octane 
and decane. 

The molecular weight of the condensate from the experiments 3 and 5 
was determined by means of Swietoslawski’s ebullioscope, ether 
being used as solvent. The calculated molecular weight was 105*4. 
This result corresponds approximately to the foregoing estimate, i. e. 
to octane, C 9 H ls . 

A search for asymmetric carbon gave a negative result. 

Measurement of the \vapour tension of the condensate after removing 
the volatile fractions yielded a value corresponding to octane. A deter¬ 
mination of the change of the vapour tension of the condensate with 
temperature points to a mixture of hydrocarbons. 

14. From the course of the distillation curves as well as from the 
analysis of the condensates it follows that the hydrocarbons formed 
from ethane are butane, hexane and octane. This is concluded from 
the fact, that on the distillation curves maxima occur generally in the 
neighbourhood of the temperatures 0° and 69° C, these temperatures 
being the boiling points of pure butane and hexane respectively. The 
measurements of vapour tension of this fraction corresponded also to 
hexane. The elementary analysis of the heaviest fraction indicates the 
presence of octane. On the other hand, neither propane nor pentane 
were detected. Of the hydrocarbons with an odd number of carbon 
atoms only methane is formed in a small amount. This matter will be 
considered later on. 


III. Summary of results. 

Relying upon the results obtained it has been ascertained that it 
is possible to get different products in prevailing amount, according 
to whether we change: 1. the initial pressure, 2. the temperature of 
the receiver or 3. the velocity of flow of ethane, which means that 
we can influence the quality of the reaction products. 
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It has been found out generally that 1. in increasing the initial 
pressure, 2. in lowering as much as possible the temperature of the 
receiver, and 3. in increasing the velocity of flow — nearly exclusively 
butane is obtained (comp. Table II, exper. 3 and 6), whereas in using: 
1. a low pressure, 2. a high temperature of the receiver, and 3. a low 
velocity of flow — besides butane large amounts of hexane and octane 
are formed (comp, exper. 4 and 5). 

Such a course of condensation in dependence on the above stated 
conditions is entirely comprehensible, if we take into consideration 
that under a high pressure and a temperature of the receiver as low 
as possible the light hydrocarbons are more easily condensed. An in¬ 
crease of the velocity of flow, however, cause the removal of the 
products already formed from the irradiated space, making thus their 
further activation impossible. 

However, the number of activated linkages is constant, and there¬ 
fore by changing the initial pressure, the velocity of flow and the 
temperature of the receiver we influence only the yield of the different 
'products of condensation , i. e. the direction of this photochemical re¬ 
action. 

IV. Discussion of the mechanism of condensation of ethane, 

1. S. Tottoczko (Przemyst Chemiczny 1927, 11, 248) has proposed 
the following mechanism of the photochemical change of ethane: 

1. 2C 2 H B ~> 2C& 5 +2H' - > C\H l0 +H 2 . 

2. C 2 H % + C,H^ -* C 2 H,+ C\H 9 + 2H' — C e H u +H 2 etc. 

These equations are based on the supposition that in the molecule 
of ethane, butane etc. only the linkage (C — H) in one of the methyl 
groups is photochemically ruptured. The condensate would be thus 
composed only of hydrocarbons with an even number of carbon atoms. 
The possibility of activation of the linkage (C — C) is, however, not 
excluded, because the rupture of this bond requires nearly the same 
amount of energy as that of the linkage (C — H ). 

2. The mechanism put forward by S. ToWoczko does not anticipate 
secondary reactions which must undoubtedly occur, when we consider 
the results of the present investigation, which were unknown at that 
time, especially that, with the exception of methane, only hydro¬ 
carbons with an even number of carbon atoms are formed (comp, the 
distillation curves). Upon this basis we may now modify the mechanism 
of the change as follows: 
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I. C 2 H B + Hg* -> C 2 H* + Hg. 

II. c 2 h* — c 2 h 6 +h\ 

The radicals C 2 H B and H' can recombine (III, IV): 

III. 2 C 2 H b * C,H 10 and 

IV. 2 H‘ -* H 2 . 

Or secondary changes are taking place according to equations (V, VI): 
Y.C 2 H B +H' - c 2 7z 5 -f H 2 . 

VI. C 2 H B +H' > C%+OH v 

In the instance V the result is the same as the activation in the 
sense of the equations 1 and TI. 

3. According to Bonhoeffer and Harteck (Z. physikal. Chem. 
1928, 139 , 64) the hydrogenation of ethane by atomic hydrogen and 
formation of methane from ethane in this way proceeds according 
to equation VI. It is thus possible that the rupture of the bond (C — C) 
in this instance was caused exclusively by atomic hydrogen, and not 
by collision with an active atom of mercury. 

The formation of higher hydrocarbons takes place probably in an 
analogous way. 

4. Another course of the reaction is also theoretically possible, e. g.: 

c\h b - C 2 H A +H 2 , 

but this would cause an increase of the gas pressure, which would 
be at variance with the experimental result. 

5. S. Tottoczko (1. c.) calculated also the order of the reaction 
of condensation of ethane. From this calculation (agreeing within 3*5% 
with the measurements 1. c.) it follows that the reaction is a termole- 
cular one. This suggests the hypothesis, that the formation of the 
molecule from the radicals takes place according to the following 
scheme: 

j{ 1 - + M 2 + M - R&+M 

radicals hydrocarbon 

and thus can occur only in consequence of a collision with another 
indifferent body M 9 in the given instance a molecule of ethane which 
takes possession of the activation energy of the radicals R x and R 2 . 

The thermochemical value of the linkages: ((7—//), (C—C) or (//—//) 
is nearly the same for the saturated hydrocarbons. For this reason 
it is really impossible to obtain only one compound, e. g. butane, 
because this also is activated as well as ethane. 
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It is thus possible under suitably chosen conditions as described 
above, to obtain a definite constituent only in a preponderating amount. 

V. Pinal conclusions. 

1. In the presence of mercury vapour ethane undergoes a photo¬ 
lysis and condensation under the influence of the radiation of a mercury 
quartz lamp. 

2. In the molecule of ethane either of the linkages (C — H) and 
(C — C) may be activated. It is very probable that the bond (C — C) 
is ruptured by the action of atomic hydrogen formed in the reaction. 

3. The number of the activated linkages does not depend on the 
pressure of ethane, nor on the velocity of its flow through the reaction 
space, but depends solely upon the intensity of the active radiation. 

4. The composition of the gaseous as well as of the liquid phase 
is governed by the temperature of the receiver, and the velocity of flow 
of the gas through the reaction space: hydrocarbons with shorter 
chains being formed at higher velocities of flow and lower temperatures 
of receiver. 

5. The decrease of pressure and the amount of the condensate in 
a given time is the greater the higher is the velocity of flow of gas. 

6. Products of condensation are nearly exclusively hydrocarbons 
with an even number of carbon atoms, and, as a by-product, methane 
in a low concentration. 

7. By changing the gas pressure, the temperature of the receiver 
and the velocity of flow a condensate can be obtained composed of 
hydrocarbons with shorter or longer chains, and it is thus possible 
to influence only the direction of the reaction and not the number 
of the activated linkages. 

8. The detailed mechanism of the photochemical change of ethane 
corresponds with equations given in part IV of the present paper. 

The First Chemical Institute of the 
John Casimir University , Ltvdw , Poland . 



THE CHARACTERISTICS OF PRASEODYM *) 

by BOHUSLAV BRAUNER. 

The element Praseodym**) was discovered by the present author 1 ), 
by comparing the absorption spectra of the decomposed old didym. 
The compounds of Praseodym were isolated in the pure state by 
Auer v. Welsbach 3 ) in 1885 by Mendeleev’s 2 ) method, but 
neither Mend£1 dev, nor Brauner was quoted byAuer in his arcanic 
paper. 

Isolation. Up to this time cerium was the only rare earth-element 
that could be separated from the other elements of its kind by the 
Bunsen-Brauner method. It was found that Pr could be separated 
from iron, which always contaminates all rare earth-ammonium 
nitrates, by mixing the nitrates with six times their weight of a 
mixture of potassium and sodium nitrates and fusing at 350° when 
I\() 3 separates out. The ordinary method of using oxalic acid never 
gives such a sharp separation. By the same method if the fusion be con¬ 
tinued long enough every trace of cerium separates out as Ce0 2 . This 
method permits the separation in the form of Pr0 2 from La, even if the 
latter be present in considerably large quantities and no La passes into 
the insoluble higher oxide Pr0 2 or Pr 2 O t . As the oxides of Ft and Ce 
separate sometimes in a colloidal form, the precipitate should be 
washed with a concentrated solution of ammonium nitrate. 

The filtrate from F<uf> 2 and Cefi t is then concentrated and the 
solid residue obtained is then fused again to about 415° under con¬ 
tinual stirring. The green solution is converted into a black mass and 
when a sufficient quantity of Pr 2 O i has separated out, the flame 

*) An abstract from the author’s article “Contribution to tho chemistry of 
praseodym” published in Czech in the Jubilee volume edited by the “Ceska 
Akademie V6d a umfini” in honour of the 70th birthday of Professor Charles 
Vrba, Nov. 16th, 1916. 

**) The present author prefers to use the original name without the ending 
—rum, since the original, derived in a peculiar way from the greek words 
premnos and didynwi, does not permit a latin ending. 
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under the dish is removed and the liquid together with the black 
precipitate is agitated with a glass rod into a rotatory motion, so that 
the black oxide is separated from the dark green liquid in the form 
of a heap in the middle of the rounded dish. While still hot the clear 
dark green liquid portion may easily be poured off and after cooling 
the precipitate remaining on the bottom is collected on a filter, and 
washed with small quantities of water, containing ammonium nitrate 
until the filtrate does not give any precipitate by oxalic acid. 

Purity of Praseodym . Part of the black precipitate which, as will 
be shown later, consisted of pure Pr 2 0 4 , was dissolved in concen¬ 
trated hydrochloric acid and the spark spectrum of the chloride 
formed was examined before a powerful spectroscope. It was found 
that the spectrum of praseodym alone was shown without any trace 
of a foreign line and especially it was free from a trace of lanthanum. 

Atomic weight oj Praseodym . The atomic weight of Pr was found to 
be of the order of Pr—141. Brauner and Svagr 4 ) obtain Pr-140*94 
contrary to other chemists, who invariably find a lower number, 
viz. Pr-143*6—140*8 (Auer); 140*46 (Jones) 5 ); 139*72—140*15—' 
—140*53 (v. Schiele) 6 ). Baxter and Stewart 7 ) find Pr = 140*92, 
140*932 and 140*924 number, identical with that of Brauner when 
they apply a correction for the small quantity of Ce (circa one p.c. 
present, but none for the iron, invariably present; yet it is not seen 
how the quantities of Ce present could be exactly determined. 

Control of the atomic weight of praseodym by the ebullioscopic method 
made with the trichloride . 

Praseodymtrichloride was prepared by placing the oxalate into 
a little platinum boat made by the present author from a very thin 
platinum foil soldered with gold and passing over it, at the beginning 
at low temperature which rises without heating, pure, anhydrous 
hydrogen chloride, until no oxalic acid was evolved and then gra¬ 
dually heating the anhydrous chloride up to its melting point. After 
this, the hydrochloric acid was replaced by hot air. Meanwhile Beck¬ 
mann’s apparatus was prepared, in which, after most careful drying, 
a weighed quantity of Kahlbaum’s fresh absolute ethyl alcohol 
was placed. 

After the determination of the boiling point one boat containing 
anhydrous PrCl 3 was placed into the apparatus. But a surprisingly 
low number Jf = 179 was found instead of 247*3= molar weight of 
PrCl z . A second portion of the anhydrous chloride yielded a nearly 
normal rise of the boiling point, from which it was concluded that 
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the first portion of the anhydrous chloride removed traces of water, 
which could have come from the apparatus or from the air and prob¬ 
ably also from the ethyl alcohol itself. The determination of the 
molecular weight was repeated by another series of three experiments 
with the same results as above. For the constant of ethyl alcohol, 
Muthmann’s number 1300 was taken. The following results were 
obtained: 


L 

S 

A 

M 

A. 1. 20-87 g 

0*2441 g 

0*085° 

179 ! 

2. 

0*2363 g 

0*062° 

237 

13. 1. 24-10 g 

0*2329 g 

0*079° 

159 ! 

2. 

0*2480 g 

0*060° 

223 

3. 

0*1508 g 

0*034° 

239. 


Neglecting the numbers 179 and 159, three numbers were obtained: 
237, 223 and 239 which are of the same order as the molecular weight 
PrCl 9 = 247*3 which corresponds to the atomic weight Pr ~~ 140*94. 
If the numbers found, especially 237 and 239, are a little lower than 
the theoretical one it is easily explained, as mentioned above, by 
the trace of humidity in the apparatus and in the air. To-day hardly 
anybody will doubt the trivalency and tetravalency of praseodym, 
/V= 140*94. 

Another proof of the correctness of the atomic weight of praseo¬ 
dym follows from the theory of electrolytic dissociation. Brauner 
and Svagr 4 ) found that the difference of the electric conductivity 
of an aqueous solution of praseodym sulphate, between the dilutions 
1024—32 equals 53*56 resp. 50*21 and these numbers are in accord 
w ith — though somewhat low^er than — the number 2x3 val. X 10 - ~^60 
for a sulphate of a trivalent element with the atomic weight 141, 
as required by the Ostw T ald-Walden rule. 

As regards the relation of the atomic weight of praseodym to the 
original form of the Periodic System given by Mendeleev, it w r as 
impossible even to its author to foresee or predict the existence and 
properties of this element. Moreover the discovery of a series of new 
elements brought into the original System an unexpected enrichment 
of ideas. The author of the present paper has shown already in 1881, 
that the elements of the rare earths must be placed not only in the 
8 th series, as a continuation of cerium, but also in the 9 th and 10 th 
series up to tantalum. All newly discovered elements of this kind 
have been placed in the empty places, up to hafnium — an arrange¬ 
ment, accepted by many modern authors. 
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The oxides of praseodym. 

Praseodym forms two kinds of oxides, Pr % O z and Pr 2 0 4 . 

The oxide Pr 2 0 3 posesses a garlic-green colour and on heating 
it becomes black; Auer ascribed to this peroxide the form Pr 4 0 7 . 
It was shown by Brauner that this is a double oxide, composed 
of Pr 2 0 3 +Pr 2 0 4 . The latter oxide is black. Brauner prepared it 
in the pure state by fusing the nitrate of the trivalent praseodym 
with potassium and sodium nitrate at 415°. Two methods were used 
for the analysis of this higher oxide which was used with advantage 
for the direct separation from cerium and also for a direct separation 
of praseodym from lanthanum. 

a) The first method consists in the action of higher praseodym 
oxide upon ferrous salts, which are oxidised into ferric salts, or Fe“ 
into Fe". In a neutral solution this reaction proceeds very slowly, 
but takes place more readily in an acid medium. The salts of the 
tetravalent praseodym, which would answer to the yellow or orange 
coloured salts of tetravalent cerium have not yet been isolated. The 
higher oxide, say Pr 2 0 4 , dissolves in sulphuric or nitric acid, under 
evolution of ozonised oxygen, or in hydrochloric acid under evolution 
of chlorine. (On crystalizing the salt HPr lll Ce lv [$0 4 ] 4 . 12 H 2 () 
beautiful yellow crystals of C , e IV [/SY> 4 ] 2 .4// 2 0 after the first salt 
separated out. On analysis it was found that the oxide Ce0 2 was not 
white or yellowish-white but it was dark brown, which colour proves 
that the salt contained a fairly large quantity of praseodym. It is not 
improbable that the ceric sulphate contains an admixture of the 
isomorphous salt Pr JVT [$0 4 ] 2 .4 i/ 2 0, existing only in the presence 
of the ceric salt, but the author was unable to prove this, with 
the small quantity of the salt remaining^ in his possession.) 

For the analysis a weighed quantity of the black oxide dried at 130° 
was brought into a beaker with 50 ccs of ferrous-ammonium sulphate 
of known content. After this, very dilute sulphuric acid was added 
under continual stirring, so that no visible bubbles of escaping oxygen 
or a smell of ozone could be noticed. After complete dissolution 
of the oxide, the surplus of the ferrous salt was titrated back with 
permanganate. The weight of the black oxide was 0*4432 g, the ferrous 
ammonium salt alone required 45*61 ccs of n/ 10 KMnO 4 and the 
quantity which was not used for oxidation was 21*06 ccs nj 10 KMnO 4 , 
so that 24*55 ccs nj 10 KMnO A was used for the oxidation of the black 
oxide which contains as much active oxygen, as is the black oxide, 
or as consumed by the oxidation of Fe” to Fe # '\ therefore 0*00992 g O . 
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The quantity of Pr 2 0 3 in the original black oxide is 0-42266 g and its 
surplus of oxygen equals 0-009680 whereas the experiment has shown 
0-00992 g oxygen. The relation of the lower and higher oxide is there¬ 
fore 1-00 : 1-0465, whereas the theory requires 

Pr 2 0 3 : Pr 2 0 4 ~ 1-00 : 1-0485. 

The difference of -4-0-2 0(9 or +0-00024 0 O may be due to some 
unknown error, but the experiment proves that the real composition 
of the higher oxide is Pr 2 0 4 strictly analogous to CeA- Scheele does 
not approve the method used by the author, for he evidently used 
a stronger acid and no stirring. 

b) The second method used for the analysis of the higher oxide 
Pr 2 0 4 , was a slight modification of that described by Bunsen, i. e. 
the action of HCl + K1 in a closed vessel and titrating the iodine 
set free with sodium thiosulphate. This method with a slight correction 
yields exact results and was used for the determination of the quantity 
of oxygen surplus in the highly heated trioxide in atomic weight 
determinations, the two oxides furnishing generally the compound 
2 Pr 2 O z .3 Pr 2 0 4 - Pr 10 O 18 . 

Is the oxide Pr 2 0 4 an ozonide or antozonide? 

This question interesting theoretically, has been answered by the 
authors of papers regarding the chemistry of praseodym in either 
the one or in the other way, but was never answered by exact expe¬ 
riments. 

The first experiment was made by Baresville’s reaction. The black 
oxide was treated with potassium dichromate, ether and sulphuric acid 
and after shaking, the deep blue colour of the ether appeared. From 
this, the author wrongly concluded, that the oxide was an “anto- 
zonide”, i. e. an oxide of the type of hydrogen peroxide, for a new 
test with ether alone gave, examined as above, the same deep blue 
colour. Fresh ether together with Pr 2 0 4 gave now no blue colour. 
The oxide Pr 2 0 4 has, therefore, not the same constitution as BaG 2 . 

The above-mentioned higher oxide Pr 2 0 4 oxidises hydrochloric acid 
to chlorine which points to the fact, that it is an “ozonide” or an untrue 
peroxide. A definite proof was given as follows: 

a) Qualitative test. It was shown by the following test that hydrogen- 
peroxide is not produced by the action of acids on Pr 2 0 A . Some of this 
higher oxide was put into water, one cc of n\ 10 KMnO A was added, 
and then sulphuric acid drop by drop. The permanganate is not 



reduced in the cold or warming and the black oxide dissolves under 
evolution of a strong smell of ozone. 

The oxide Pr a 0 4 was placed into some dilute sulphuric acid and 
ether was added. When some more of the acid was added, the evolution 
of oxygen was more intense, but the catalytic reaction was not so 
rapid as it was, when Pb0 2 or Mn0 2 were submitted to ether and to 
a less quantity of the acid. But even with the oxide Pr 2 0 4 the reaction 
come an end in a few minutes, i. e. a green solution was obtained, 
whereas the same small quantity of without H 2 0 2 takes some 

hours to dissolve the black oxide.*) 

6 ) Quantitative test . The solution of hydroperoxide was one of 1-3 p. c. 
and from this by means of a precise narrow pipette 1*50 cc was taken 
which required for oxidation 24*53 ccs njlO KMnO 4 . Then 0*3123 g of the 
black oxide, which was prepared by calcination of the oxalate in 
air, and which according to an analysis contained for 100 pts. Pr 2 0 2 
3*19 pts. of active oxygen, or 0*00968 g , was used. This oxide was 
placed in water, to which 1*50 cc of hydrogen peroxide was added, 
after which on continual stirring, dilute sulphuric acid was added 
drop by drop until a clear, green solution was obtained. The unde¬ 
composed hydrogen peroxide required 12*13 ccs of n\ 10 KMnO 4 for 
oxidation and therefore the quantity of H 2 0 2 decomposed cataly- 
tically corresponds to 12*40 ccs nj 10 KMnO v As the active oxygen 
of the acid permanganate is equivalent to the active oxygen of 
the hydrogen peroxide, the quantity of this oxygen equals 0*00992 g. 
The black oxide contained 0*00968 g active oxygen, so that both 
numbers are practically identical. The excess of 0*00024 g found is 
certainly due to experimental errors. 

From the above experiment it follows that the catalytic reaction 
during the process is: 

Pr'\0 A + H 2 0 2 + 3 HtSOt + Aq = Pr l " 2 (SO A ) s + 0 2 +±H 2 0 + Aq . 

The experiment has definitely proved that the higher, black oxide 
Pr 2 O i is an ozonide , or a derivative of the type of water; from this 
it follows that praseodym is in this form tetravalent . Only from this 
point of view it is understood that the fourth ozonic oxygen in Pr a 0 4 , 
oxidises the chlorine ion of hydrogen chloride to free chlorine, that 
in acid solution the trivalent ion Ce w is oxidised to the tetravalent 

*) This moderate reaction is connected with the fact, that the molvolume 
of Pr 2 O s is 46*7 ccs, whereas that of Pr 2 0 4 is 57*9 ccs. The difference of both 
numbers is very great, for one g of O occupies 11*2 ccs . 



285 


ion Ce”\ that it oxidises divalent manganese to heptavalent: and 
that in contact with a solution of strychnine in concentrated sulphuric 
acid, it produces the characteristic blue-violet coloration without 
any side-reaction. A true peroxide, derived from hydroperoxide 
cannot behave in this manner. 

The above study indicates that the element praseodym should 
stand, in the periodic system, behind La 111 and Ce lv in the fifth group, 
as was assumed by Brauner already in 1878, i. e. 55 years ago. 
The chemical behaviour of praseodym shows that it is a kind of 
“mock-cerium” but as it is only positively tetravalent, its position 
in the fifth group points to an anomaly in the form of the periodic 
system, as was hitherto assumed by Mend616ev. The molvolume of 
Pr 2 0 4 is 46’7 ccs , that of Pr 2 0 4 is 57-9 ccs and that of Pr 10 0 18 , 
divided by 5, ~ Pr 2 0 :i . 6 is 507. A calculation shows that in the union 
of 2 Pr 2 0 3 + 3 Pr 2 0 4 a contraction of 2*74 cos has taken place, from 
which it follows that the oxide Pr 10 O 18 is not a mixture of the two 
oxides, but their compound, Pr 2 0 4 being less basic than Pr 2 0 3 , i. e. 
playing the roll of a week acid. 

On heating the oxide Pr 10 O lg in a stream of hydrogen a reduction 
to the green oxide takes place which is always heavier than it ought 
to be whilst C\ () 4 is reduced in hydrogen to a mixture of +Ce 2 0 3 , 
a black mass which in the air burns to CejO^. Any higher oxide of 
praseodym heated strongly in a platinum crucible yields the oxide 
P r i 0 O ls on cooling; yet on heating such an oxide over a blowpipe it 
loses its black colour as well as its excess oxygen completely and Pr 2 O z 
remains as was proved, when the access of gas was at once interrupted 
and the crucible quickly cooled by a strong current of air. The 
present author ascertained in the crucible the oxide Pr 2 O z , which 
possessed a pale chamois colour. 

The oxide of neodym, obtained by burning the oxalate in oxygen 
possesses also the composition Nd 2 0 4 , for on heating it in a current 
of hydrogen, and collecting the water obtained, the weight of 
the oxide and that of the oxygen calculated from the water was 
Nd 2 O z : 0 — 1:1. 


Received May 25th , 1933. 
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OXYDATION DBS SELS THALLEUX EN THALLIQUES ET RE¬ 
DUCTION DES SELS THALLIQUES PAR L’ARSENITE DE SODIUM 

par F. CtTTA. 

La reaction des sels thalliques avec 1’arsenite de sodium a ete pro- 
posee par Berry 1 ) pour le dosage titrimetrique du thallium. 

Dans ses essais, il dissolvait l’oxyde thallique dans l’acide sulfu- 
rique dilue, neutralisait la solution obtenue par un exces de carbonate 
de sodium acide et y ajoutait l’arsenite de sodium en quantity supe- 
rieure 4 celle qu’exige le schema 

TV" + As0 3 "' + H 2 0 = TV + AaO”' +2 H’ 1. 

Pour determiner l’arsenite non consomme, il le titrait soit au 
moyen d’iode, soit au moyen d’hypochlorite de sodium. Dans le pre¬ 
mier cas, l’indicateur etait constitue par I’empois d’amidon, dans 
le second, par le trouble d’hydroxyde thallique apparaissant 4 la fin 
du titrage. 

Cette methode donnait k Berry des resultats regulierement de 
0'5 a I % inferieurs 4 ceux exiges par le calcul, et l’auteur se les ex- 
pliquait par les impuretes de son oxyde thallique qu’il n’a pu, malgre 
tous ses efforts, preparer k l’etat compl&tement pur. D’apres les analy¬ 
ses effectuees, d’une part, volumetriquement par reduction au moyen 
d’arsenite de sodium et de sulfate de fer, d’autre part, en pesant 1‘io- 
dure thalleux precipite par 1’iodure de potassium apres reduction 
prealable k l’acide sulfureux, ses produits renfermaient respectivement 
84-4, 85-9, 87-6, 87-9% de thallium, alors que la teneur tlieorique 
aurait du etre 89-5% de Tl. Berry constata d’ailleurs que son oxyde 
thallique 6ta.it accompagne de composes thalleux, car ses solutions 
r&luisaient le permanganate. 

Les donndes exp^rimentales de Berry ne permettent pas facilement 
de decider si la variability des resultats est due a la dyfectuosity de 
son 4talon ou si dans l’oxydation de l’arsynite intervient une reaction 
secondaire dyfigurant le rapport stychiomytrique des deux corps 
ryagissants. On pourrait admettre ce deuxteme cas d’autant plus 
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facilement qu© Ton trouve decrites dans la literature des m6thodes 
bashes, ©lies aussi, sur la reduction des sels thalliques et dans lesquelles 
on arrive au resultat definitif seulement au moyen d’un coefficient 
empirique. 2 ) 3 ) C’est ce qui m’a determine k etudier la reaction d’une 
maniere plus approfondie sur une autre substance etalon. 

Mon choix s’est porte sur le carbonate de thallium, car la determi¬ 
nation de son alcalinite avait montre que sa composition repondait 
exactement k la formule Tl 2 C0 3 *) Je preparais mes solutions de sel 
thallique a partir du sel thalleux respectif (obtenu par action de l’acide 
sur le carbonate thalleux) en oxydant par un faible exces d’eau de 
brome. Apres expulsion del’exces de brome au bain-marie, j’ajoutais 
un exces d’arsenite de sodium et j’accelerate la reduction en chauffant 
au bain-marie. J’effectuais la reaction en milieux respectivement 
acide, bicarbonate et plus fortement alcalin. Apres neutralisation 
eventuelle, j’ajoutais du bicarbonate de sodium, puis la quantite 
d’iodure de potassium juste necessaire pour precipiter le sel thalleux 
forme et, enfin, je titrais Fexees d’arsenite au moyen d’iode. 

J’ai trouve que l’oxydation des sels thalleux par le brome est quanti¬ 
tative et que les solutions des sels thalliques ainsi formes sont stables 
en presence d’un exces d’acides ehlorhydrique ou bromhydrique, 
comme aussi pendant un chauffage prolong©. De plus, j’ai pu eonstater 
que la presence des acides sulfurique, phosphorique et perchlorique 
determine une decomposition partielle du sel thallique primitivement 
forme. Cette decomposition se laisse exprimer par la reaction de l’ion 
77**' avec l’eau: 

2 7T* + 2 HP 2 TV + 4 H' + 0 2 , 2. 

qui dans le casdu chlorure ou du bromure est supprimeepar Fexistence 
des ions complexes chloro ou bromothalliques: 

TV" + 4 CV -Z>. TlClS, 3. 

plus stables, d’apres les resultats experimentaux, k temperature eievee 
que ne le sont les sels thalliques simples. 

Le fait qu’on obtient des resultats trop bas lors de l’evaporation 
du brome apres l’oxydation des sels thalleux au moyen d’eau de brome 
en presence d’acide sulfurique, est signaie deja par Marshall 7 ) qui 
Fexplique en admettant un dedoublement du bromure thallique en 
brome et bromure thalleux. 

Ajoutons toutefois que cette explication n’est pas d’accord avec les 
resultats experimentaux de mon travail. 

En ce qui concern© la stabilite des sels thalliques en solutions aqueu- 
ses etendues, une rapid© recherche bibliographique n’a pas reveie de 
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donn^es. D’apres Mellor, A. La my aurait trouve que l’oxyde thalli¬ 
que se dissout dans l’acide sulfurique froid sans decomposition, alors 
qu’& chaud il perd de l’oxygene avec formation de sel thalleux. L’acide 
chlorhydrique froid donne, d’apres le m£me auteur, le chlorure thalli- 
que, tandis qu’a chaud une decomposition peut avoir lieu. 6 ) La 
decomposition possible par la chaleur du sel thallique en solution 
pourrait 6tre verifiee en mesurant l’equilibre chimique entre le sel 
thalleux, le sel thallique et l’oxygene. L’azotate thalleux s’oxyde a la 
temperature ordinaire par l’oxygene sous la pression de 1 atmosphere 
jusqu’& la proportion de 2%. 6 ) Le produit forme represente un me¬ 
lange en equilibre, ce qui veut dire qu’une solution d'azotate thallique 
se decomposera. La meme conclusion peut s’appliquer au sulfate, 
au phosphate et au perchlorate thalliques qui, de meme que l’azotate, 
n’engendrent pas d’ions complexes. 

D’apres mes experiences il est possible d’utiliser la reduction des 
sels thalliques par I’ars^nite de sodium pour la titrimetrie du thallium, 
s’il est present sous forme trivalente. On caleule avec 1’equivalent 
deduit du schema 1 signale plus haut. 

Partie experimentale. 

Le plus grand soin a ete apporte a la preparation du carbonate 
thalleux pur. La matiere premiere etait dans un cas le thallium 
metallique, dans l’autre, le sulfate thalleux, tous les deux etaient 
des produits Merck. Le thallium a ete dissous dans de l’acide azoti- 
que, et le sel obtenu a 6te recristallis<5 deux fois. L’azotate pur a ete 
transform^ en sulfate par evaporation avec de l’acide sulfurique. 
Dans cette operation il s’est forme un peu de sel thallique, dont la 
presence se trahissait, lors de la dilution, par un trouble brun et qui 
a 6te eiimine en saturant la liqueur par de l’acide sulfureux. L’exc£s 
de celui-ci a ete expulse par ebullition. On obtint ainsi, k partir du 
thallium metallique, une solution de sulfate thalleux pur. 

Le sulfate thalleux du commerce, mis en ceuvre dans une autre 
preparation, a ete purifie par deux recristallisations. 

La solution prepare© au moyen des sulfates purs (separ6ment) a ete 
dilute, puis predpite© k chaud avec un faible exces de baryte caustique. 
La solution d’hydroxyde thalleux form6e a ete sature© de gaz carbo- 
nique pur jusqu’k reaction acide vis-it-vis de la phenolphtaieine, et 
evapor4e au bain-marie. Les cristaux de carbonate qui se sont deposes 
par refroidissement ont ete separes k 1’aide d’un filtre k vide d’lena. 
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Le produit a ete dissous dans l’eau k la temperature du bain-marie 
bouillant et dilue de maniere 4 obtenir une solution satur^e k 40°. 
Cette dernifere a ete soumise k une cristallisation troublee. L’eau mfere 
a ete concentre moder^ment et traitee de la meme fagon. L’une et 
l’autre portions de eristaux ont ete rejetees. Au cours du travail il a 
ete observe, en effet, que les carbonates thalleux prepares par cris¬ 
tallisation lente, se tachent, lors de la dessiccation entre 100 et 105°, 
de petits points noirs qui apparaissent aux pointes de certains eristaux. 
Les fractions medianes du produit obtenu par cristallisation trouble 
ne presentaient pas ce phenomene. Les deux portions ulterieures de 
carbonate thalleux ont ete obtenues en concentrant la solution a la 
temperature du bain-marie presque k saturation et en la soumettant 
aprfes k la cristallisation troublee. Le produit a ete recristallise deux 
fois dans l’eau chaude. Le produit final constituait de menus eristaux 
blanc pur qui ne changeaient d’aspect pas meme apres un sejour 
prolonge au dessiccateur k 100—105°. 

L’alcalinite du produit a ete verifiee par titrage avec l’acide sulfu- 
rique de titre connu et determine par rapport au carbonate de sodium 
prepare d’apres SOrensen. L’equivalent rationnel du carbonate 
thalleux employe dans les calculs etait — 234-3834. L’equivalent du 
thallium pour l’oxydation d’apres le schema 1. est de 102*195, d’oii 
il vient 117*1917 pour le carbonate thalleux. La teneur en thallium 
calcuiee du Tl 2 C0 2 est 87-204%. 

L’anhydride arsenieux employe etait un produit Merck pro analysi. 
Il a ete seche a 150°. Le residu aprfes la sublimation de la matiere 
volatile pesait 0*122%, ce qui montre que le produit etait de 99*878%. 
Pour les essais stathmometriques ce produit a ete resublime une nou- 
velle fois. La solution d’arsenite a ete preparee d’apres les indications 
de Kolthoff. 

Les chlorures de potassium, de sodium et d’ammonium etaient des 
produits Merck pro analysi. 

L’iode employe etait un produit deux fois resublime. L’iodure de 
potassium etait un produit Merck pro analysi, avec lequel la recherche 
de l’iodate a donne un resultat negatif. 

Le ballon jauge et les burettes ont ete verifies avant de s’en servir. 

La solution d’arsenite .a ete compietee k la temperature de 15°, 
parce que la correction du volume relative k la temperature n’a pu 
etre introduite par suite de son indetermination. On op6rait avec les 
solutions a la temperature de 20 k 22°. Vu que dans le cas de la solution 
d’iode il n’a pas non plus ete possible d’introduire les corrections de 
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temperature, je procedais de la maniere suivante: En pr61evant la 
solution d’arsenite destinde aux essais de ehaque s6rie, je pr&evais 
en meme temps le volume de solution d’arsenite necessaire k determi¬ 
ner le titre de la solution d’iode. Ce dernier n’a pas etc titre imm^dia- 
tement, mais seulement avec toute la serie d’essais apres la fin de la 
reduction. Si, lors du titrage k l’iode, la temperature du laboratoire 
etait autre que pendant le pr&evement de la solution d’arsenite, 
l’influence de cette variation de volume se trouvait comprise dans le 
chiffre indiquant le titre de la solution d’iode. 

i^e titre de la solution d’iode a ete determine, d’une part, par le 
procede habituel, d’autre part j’ai fait, dans ehaque s^rie d’essais, un 
essai temoin ou j’ai additionrie la solution d'arsenite de toutes les 
substances que j’avais ajout6, au debut, au sel thalleux (sauflean 
de brome), et je lui ai fait subir toutes les operations qu’avait subi le sel 
thalliquc a partir du moment oil j’y avais verse l’arsenite. Le tableau 
1 montre jusqu’a quel degre les deux valeurs s’accordaient. 


Tableau 1. 


Arson ite on cc 

Consummation 
d’iodo on cc 

Valour do la 
solution d’iode 

Mode Oj«‘nit oin - 

3005 

30-19 

0*09953 

avec TICI 

30-0(5 

30-18 

0-09900 

sans TICI 

30-20 

30*52 

0*09895 

avec TICI 




et Nad 

30*00 

30-32 

0*09894 

avec Tl 2 SO i 




et Na t SO i 

30*37 

30*59 

0*09902 

sans sel thalleux 

28*00 

20*40 

0*10600 

sans sel thalleux 

28*00 

20-40 

0-10000 

avec TICI 


Dans tous ces essais j’ai suivi le mode operatoire indique plus haut 
que je vais d’ailleurs completer des details suivants: Le volume de la 
solution avant 1’oxydation variait entre 300 et 400 cc. L’eau de brome 
a 6te ajoute, en agitant et jusqu’4 faible coloration jaune, seulement 
apres complete dissolution des corps presents. 

L’oxydation avait lieu instantan^ment. L’exces de brome a ete 
chasse au bain-marie; apres la disparition de la teinte jaune j’ai 
continue le chauffage pendant deux heures afin d’eliminer les der- 
ni&res traces de brome et d’acide hypobromeux. Je veillais k ce que le 
volume de la solution ne s’abaiss&t pas, par suite de l’evaporation, 
k moins d’un tiers. 
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En ©ffet, si l^vaporation est pouss^e jusqu’a commencement de 
cristallisation des sels, on obtient des chiffres un peu plus faibles. 

Le schema 1 montre que la reaction produit des ions hydrog&ne. 
Conform^ment k la loi de Guldberg-Waageon pourrait s’attendre 
k ce qu’une concentration elevee de ces ions ne fut pas aussi favo¬ 
rable k la reduction que les concentrations plus faibles telles qu’on 
les trouve en milieux bicarbonate et alcalin. Pour cette raison la 
reduction aeteoperee dans les trois divers milieux, acide, bicarbonate 
et alcalin. 


I. Reduction en milieu acide. 

La solution de sel thallique forme par oxydation en milieu acide 
en presence ou non de chlorures, debarrassee de brome, a ete etendue 
k 350—400 cc, puis reduite par une solution JV/10 d’arsenite dont on 
prenait, au debut, la quantity double de la theorique, plus tard, seulement 
un exces de quelques centimetres cubes. J’ai constate, il est vrai, 
que la concentration du sel thallique n’a pas d’importance, mais il 
s’est montre avantageux d’operer avec le volume en question. La 
reduction a ete activee par un sejour de 2 heures au bain-marie, 
plus tard, j’ai constate qu’une demi-heure de chauffage suffit tout 
a fait. 

1. Essais avec les sels thalliques sans addition de chlorures. 


Tableau 2. 

a) chlorure et bromure thallique. 


No 

gr de Tl,CO a 
mis en <x*uvre 

Acide 

Oonsommation d’arsenite 
on cc 

ealculeo trouveo 

% do Tl (it 
Tl t CO, 
(theorio 87-: 

1 

00255 

20 cc HGl sens, n 

2-176 

2-18 

87-36 

2 

0-2158 


18-414 

18-41 

87-18 

3 

0-4003 


34-158 

34-18 

87-26 

4 

0-5993 

i ) 

51-139 

51-19 

87-29 

5 

0-0211 

20 cc de HCl cone. 

1-800 

1-80 

87-18 

e 

0-0516 

99 

4-403 

4-37 

86-55 

7 

0-2080 

99 

17-749 

17-75 

87-20 

8 

0-3577 

99 

30-523 

30-45 

86-99 

9 

0-6240 

99 

53-247 

53-19 

87-11 

10 

0-1063 

50 cc de HBr sens. 

n 9-070 

9-09 

87-38 

11 

1-0007 

9 9 

85-391 

85-47 

87-28 
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Les resultats sont done satisfaisants. II est vrai que les valeurs 
indiquant le pourcentage varient sensiblement, mais cela est du 
a l’6quivalent elev4 du thallium. Une influence perturbatrice de la 
forte acidity du milieu ( HCIN/2) ne se fait pas sentir (voir les essais 
5, 6, 7, 8, 9). 

b) Si Facide chlorhydrique se trouve remplac^ par les acides sul- 
furique, phosphorique, perchlorique, les resultats sont tout differents: 


Tableau 3. 


gr de Tl,CO a 
mis en oeuvre 

Acide Consommation 

calculeo 

d’arsenite 

trouv6o 

00177 

20 cc de H 2 SO 4 sens, nh 

1-51 

1-26 

00596 


5-08 

4-61 

0-2028 


17-30 

16-31 

0-3494 


29-81 

28-34 

0-6259 


53-40 

51-29 

0-0100 

40 cc de // 3 P0 4 sens. m/ 3 

0-85 

0-61 

0-0391 

» 

3-33 

3-08 

0-1364 

19 

11-63 

10-92 

0-3098 

99 

26-43 

25-51 

0-6330 

99 

54*01 

53-16 

0-2266 

40 cc de HCIO a sens. n! t 

19-33 

18-26 

0-2367 

99 

20-19 

19-50 

0-2208 

99 

18-83 

17-76 


Ces resultats permettent de conclure ou bien que Foxydation 
ne s’accomplit pas quantitativement, ou bien que le sel thallique 
forme par Foxydation complete se decompose sous Faction de la 
chaleur. Pour decider entre ces deux possibility (dont la premiere 
ne parait pas vraisemblable), la majeure partie du brome en exces 
a ete evapor^e au bain-marie et la solution faiblement jaune a ete 
abandonnee d’abord au bain-marie jusqu’a refroidissement, puis 
k la temperature ordinaire pendant deux jours, apres quoion aprocede 
comme ci-dessus. 

Tableau 4. 

gr de Tl z SOi a j Consummation d’arsenite en cc 

mis en oeuvre Aciao calcul6e trouvee 

0-1032 5 cc de H z S0 4t sens, n 8-177 8 18 

0-4736 25 cc „ 37-525 37-42 

0-6605 35 cc „ 52-333 52-16 

1-4653 80 cc „ 116-100 115-86 
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Les differences entre les consommations d’arsenite calcuiees et 
trouv6es s’accroissent avec la concentration et parlent en favour 
d’une decomposition du sulfate thallique sous Taction de la chaleur. 
Si Toxydation par le brome se faisait quantitativement, les differences 
pour des poids cgaux de Tl 2 CO z mis en oeuvre serait approxima- 
tivement egales, car le brome et l’acide hypobromeux avaient ete 
compietement chassees de la solution, ce qui a 6te constate au moyen 
de carmin d’indigo qui se decolore m£me par des traces de brome 
et cela indifferemment en presence de sels thalliques ou en leur ab¬ 
sence. Cette serie d’essais montre de plus que Texpulsion du brome 
ne convient pour Tanalyse pas meme en prenant toutes les 
precautions. 

2. Oxydation des sels thalleux en presence de chlorures 

alcalins. 

Le fait que le chlorure thallique prepare avec un exces d’acide 
chlorhydrique a donne des resultats satisfaisants lors de la reduction, 
a permis de conelure que les autres sels thalliques, qui se decomposent 
a eux seuls sous Taction de la chaleur, seraient proteg6s contre cette 
decomposition pendant le chauffage par la presence de Tion chlore. 

Pour cette raison j ’ajoutais au Tl 2 CO z des quantites determiners de 
chlorure, je diluais par de Teau, j’acidulais et, pour le reste, je proce- 
dais comme il a et6 dit plus haut. Les resultats obtenus se trouvent 
rassembies dans le tableau qui suit. 



Tableau 5. 




qr do 



CoriBommation 

% de Tl 
dans 
Tl,CO, 
(th<k>rie 
87-204) 

TlfiO > 
mis on 
oeuvre 

Acide 

Chlorure 

d’ars^nite en cc 

calcuiee trouv^e 

0-0482 

40 cc de H 2 SO x sens, n 

10 grKCl 

4-112 

4-13 

87-56 

0-1257 

9 9 

99 

10-726 

10-76 

87-48 

0-3122 

99 

99 

26-644 

26-55 

86-90 

0-6029 

99 


51-446 

51-31 

86-97 

0-1864 

50 cc ,, 

5 (jr NH t Cl 15-905 

15-90 

87-17 

0-1785 

9 9 

5grNaCl 

15-231 

15-24 

87-25 

0-5764 

40 cc de /Z 3 P6> 4 sens. m/ a 

10 grKCl 

49-185 

49-16 

87-16 

0-6294 

99 K 

9 9 

53-707 

53-69 

87-18 

0-2014 

99 

99 

17-185 

17-13 

86-92 

0-2750 

20 cc de HClO t sens, n 

99 

23-466 

23-43 

87-08 

0-2715 

99 

99 

23-167 

23-19 

87-29 

0-2714 

9 9 

»> 

23-158 

23-17 

87-24 
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II r6sulte de ces essais que la conclusion tir6e plus haut 6tait juste, 
car, si une decomposition a eu lieu dans un des essais de cette s&ie, 
elle etait de l’ordre des erreurs expdrimentales. La teneur moyenne en 
thallium dans cette serie est de 87*233, la teneur calculte est de 87*204. 

Comme supplement, une serie d’essais a ete faite avec le chlorure 
thallique additionne de chlorures alcalins. Pour les resultats, voir 
le tableau 6. 


Tableau 6. 


gr de 


Consommation d’arsenite 

Tl t CO n 
mis en 

Acide 

Chlorure 

en 

cc 

oeuvre 



calcul^e 

trouv^e 

0*0443 

10 cc de HCl sens, n 

10 gr KCl 

3*779 

3*77 

0*1350 

>> 

•> 

11-519 

11*52 

0*2522 



21*520 

21*50 

0*6053 

>> 

»> 

51*651 

51*55 

0*2577 

20 cc de HCl cone. 

>1 

21-989 

22*00 

0*6213 


y-i 

53*016 

53*02 

0*1117 



9-531 

9*54 

0*0508 

»i 


4*334 

4*34 

0-4101 

? i 


34*994 

35*00 

0*2210 

5 cc de HCl cone. 

5 gr NH t Cl 18-858 

18*88 

0*2303 


5 gr NaCl 

19*652 

19*64 


% do Tl 
dans 
Tl 2 CO % 

(th^orie 

87-204) 

86*07 

87*21 

87*12 

87*03 

87*24 

87*21 

87*28 

87*30 

87*21 

87*30 

87*15 


Ainsi que le fait voir ce tableau, le chlorure de potassium ne change 
pas Texactitude des resultats observes en son absence. 

D’autres essais avaient pour but de determiner la quantite de chlo¬ 
rure suffisant pour eliminer Taction perturbatrice de Tacide sulfurique. 
Les autres conditions exp&rimentales etaient les memes qu’au- 
paravant. 

Tableau 7. 


gr de Tl t CO t Apide 

mis en oeuvre 

™ , Consommation d’arsenite en cc 

Chlorure calcu i^ trouvee 

0*3355 25 cc de H^SO^ sens. 3 n 

1 gr KCl 

28*628 

28*66 

0*2573 

2 gr KCl 

21*955 

21*99 

0*2766 

3 gr KCl 

23*602 

23*58 


Ces essais montrent qu’une proportion relativement faible de chlo¬ 
rure de potassium suffit pour empecher la diminution de la forme 
trivalente lors du chauffage de la solution respective. 

Dans les essais precedents j’ai opere avec un grand exces de HCl 
et de KCL 


21 
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Les essais ulterieurs devaient montrer si un melange de chlorure 
thallique avec le bromure thallique ne renfermant pas un exces d’ions 
CV subit ou non la decomposition. 

Le carbonate thalleux mis en oeuvre a ett dissous, neutralist au 
moyen tVHCl sensiblement N/l (indicateur mtthylorange), puis oxydt 
k l’eau de brome. Le sel thallique ayant commenct k s’hydrolyser 
apres que Poxydation fut terminee, j’ajoutais a la solution, k des 
intervalles pas trop rapproches, goutte k goutte, de Pacide chlor- 
hydrique sensiblement N/l jusqu’a ce que la liqueur, faiblement bru- 
natre au debut, se fut clarifiee. 


gr de Tl,CO B 
mis en oeuvre 

00974 

0-2487 

0-6458 


Tableau 8. 


Acide 

Consommation d’arstnite en cc 

calculae 

trouvee 

0-75 cc de HCl n 

8-311 

8-17 

1-72 „ 

21-221 

21-09 

3-23 „ 

55-107 

54-86 


Malgrt la presence d'un faible exces d’acide chlorhydrique, la 
difference perceptible entre la consommation d’arsenite calculte et la 
consommation reelle fait voir que le chlorure et le bromure thalliques 
subissent une decomposition si leur solutions ne renferment pas une 
proportion suffisante de 67'. 

Signalons encore les essais effectues pour trouver la duree de chauflfe 
minimum lors de la reduction. 


gr do Tl 2 C0 3 
mis en oeuvre 


‘Tableau 9. 

Dureo de Consommation 

Acide Chlorure chauffe d’arsenite en cc 

en minutes calculoe trouvee 


0-1747 2*60 cc de HGl sens, n 2 gr KCl 10 14-907 14*83 

0-1772 „ „ 20 15 120 15-09 


Dans le premier cas, la solution arrivee lors de la neutralisation 
au point dEquivalence, a pris une faible teinte brune, ce qui montre 
que la reduction est restee incomplete. Dans le second cas, rien de 
pareil n’a pu etre observt, et la difference de—0*03 peut dtjit etre 
mise sur le compte des erreurs experiinentales. 

Lors de Pexpulsion du brome il n’est pas recommendable de pousser 
Pevaporation trop loin meme en presence de chlorure. Dans ce cas, 
on trouve en effet des chiffres plus faibles, ce qui ttmoigne en faveur 
d’une decomposition partielle du complexe chlorothallique en solutions 
concentrees. C’est ainsi que le chiffre suivant a ttt obtenu lorsqu’on 
avait tvaport jusquE commencement de cristallisation des sels 
dissous: 
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Tableau 10. 


gr de Tl 2 CO s 
mis en oeuvre 

0*1778 


Acido 

2*60 cc de HCl sens, n 


Chlomre 
2 gr KCl 


Consommation d’arsrinite 
en cr 

ealeul^e trouvee 

15172 14-94 


II. Reductions en milieu bicarbonate et en presence 
de soude caustique sensiblement Nj 10. 

Dans la premiere partie du present travail il a ete montre qu’une 
concentration en ion hydrogene correspondant k un acide chlorhydrique 
sensiblement 0*5 N n’empeche pas revolution quantitative de la 
reduction (voir les tableaux 2 et 6). 

Dans les solutions k faible [ H *] la reduction des sels thalliques 
se complique de l’hydrolyse dans laquelle prennent naissance des 
composes ne fournissant a la solution que peu d’ions Tl”\ de sorte 
(jue la reduction s’aceomplit assez lentement. Le precipite brun qui 
se separe lors du melange d’une solution de sel thallique avec Tarsenite 
et le bicarbonate de sodium, disparait, il est vrai, a la temperature 
ordinaire, au bout de 20 minutes environ, en montrant ainsi que la 
reduction s’est accomplie pour la plus grande partie, niais il eonvient 
ici encore que la liqueur reactionnelle soit chauffe moderement pour 
que la faible proportion de sel thallique eontenue dans l’halogenure 
thalleux separe subisse elle aussi la reduction. 

Une solution de NaOH Nj 10 precipite du sel thallique l’hydroxyde 
Tl(OH)z qui n’entre que lentement en reaction avec Tars^nite ajoute. 
Meme k la temperature du bain-marie bouillant et en mclangeant 
de temps a autre, il faut 3 heures environ pour que la reaction soit 
complete. 

Toutefois, si on ajoute a la solution alcaline d’arsenite une solution 
diluee neutre de sel thallique, la reduction de Thydroxyde thallique 
est assures des le debut et la reaction s’accomplit au cours de quelques 
minutes. Elle est presque instantande si les deux solutions ont ete 
moderement chauffees et que le sel thallique est ajoute par portions. 

1. Reduction en milieu bicarbonate. 

La liqueur reactionnelle de laquelle le brome avait ete expulse par 
chauffage, a ete neutralisee par NaOH sensiblement A T /1 jusqu’a 
obtention d’un faible trouble brun, qu’on a detruit par une goutte 
de HCl Nj 1 . Elle a ete additionnee ensuite d’environ 10 gr de NaHCO s , 
d’un volume determine de liqueur d’arsenite, puis chauffee pendant 
20 minutes environ au bain-marie. Apres refroidissement, on a ajoute 
de l’iodure de potassium'et titre a l’iode. 


21 * 
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Tableau 11. 


gr de 77,00, Acide 

mis en oeuvre 

Chlorure 

Consommation 
d’arstnite en cc 

calculte trouvte 

% de Tl 

dwjia 

27,(70, 

(Thtorie 

87*204) 

0*0938 5 cc de HCl cone. 

10 gr KOI 

8*004 

7*99 

87*05 

0*1570 

77 

13*397 

13*38 

87*09 

0*2981 

77 

25*437 

25*39 

87*04 

0*1882 

5 gr NHfil 

16*059 

16*08 

87*31 

0*1971 25ccde// 2 $0 4 senR. 3 r? ,, 

16*819 

16*83 

87*26 


2. Reduction en presence de NaOH sensiblement jV/10. 

a) A la solution du sel thallique neutralist on a ajoutt environ 40 cc 
de NaOH Nf 1 et un volume determent d’arsenite. Le tout a ete chauffe 
jusqu’& complete dissolution de l’hydroxyde thallique formt. Apres 
refroidissement, on a neutralist au methylorange par HCl sensible¬ 
ment N/l et, apres avoir ajoutt du bicarbonate de sodium et de l’iodure 
de potassium, titre a l’iode. 


gr de Tl 2 C0 3 
mis en oeuvre 


Acide 


Tableau 12. 
Chlorure 


0*0109 5cc de HCl cone. 10 gr KOI 

00406 

0*1507 

0*1967 „ SgrNHfl 


Consummation 
d’arstnite en cc 
calculte trouvtc 

0*930 0*91 

3*464 3*48 

12*859 12*80 

16*784 16*79 


% de Tl 
dans Tl t CO z 
(Theono 
87*204) 

85*31 

87*59 

86*80 

87*23 


b) Le sel thallique, neutralise par NaOH , a ttt introduit dans la 
solution d’arsenite etendue a 100 cc et alcalinisoe par 2 gr de NaOH. 
Apres la reduction, qui s est aceomplie tres rapidement, on a neutra¬ 
list par HCl sensiblement N/ 1, et ainsi de suite comme sub a). 


gr de 
Tl t CO n 
mis en 
oeuvre 

0*1201 

0*1950 

0*4003 

0*6512 


Acide 

2cc de HCl cone. 




Tableau 13. 


Consommation d’arstnite 


Chlorure 

en 

calculte 

cc 

trouv6e 

3 gr KC1 

10*248 

10-18 

77 

16*640 

16-68 

77 

34*158 

3416 

77 

55*563 

55-61 


% de Tl 
dans Tl % CO z 
(Thtorie 
87*204) 

86*62 

87*41 

87*18 

87*28 


Dans le dernier essai on a du chauffer, car apres le mtlange des 
solutions il s’est stpart un prtcipitt. Mais il a suffi de 10 minutes de 
chauffe au bain-marie pour le faire rentrer en solution. 
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Des tableaux 2—13 il ressort que, si Ton envisage le cote quantitatif 
de la reaction, il n’y a aucune difference entre les reductions en milieu 
respectivement acide, bicarbonate et alcalin. 

Les donnees experimental citees plus haut m’amenent a la con¬ 
viction que la reduction des sels thalliques par l’ars6nite de sodium 
en milieu indifferemment acide, bicarbonate ou fortement alcalin peut 
servir de methode d’analyse pour doser le thallium si, bien entendu, 
il est present k Petat trivalent. En reduisant en milieu alcalin il faut 
proceder de maniere k introduire le sel thallique dans la solution 
alcaline d’ars&nite; Phydroxyde Tl(()H ) 3 forme est reduit deja a 
retat naissant par Pars6nite present. Si Ton alcalinise le sel thallique 
avant le melange avec l’arsenite, la reduction se prolong© trop, car 
dans ce cas c’est la suspension d ) Tl(OH) 3 qui reagit avec Parsenite. 
11 est d’ailleurs certain que meme en comb inant les divers modes 
operatoires on obtient des resultats utilisables en analyse. 

.[/observation que le chlorure, le sulfate, le phosphate et le per¬ 
chlorate thalliques (probablement tous les sels thalliques) subissent 
une decomposition pendant le chauffage de leurs solutions aqueuses, 
me parait d'une certaine importance. C est seulement la presence d’un 
exc£s d'ions Cl', qui fixent les ions TIT en donnant des ions complexes 
TlCli\ qui empeche cette decomposition. Pour cette raison il est 
necessaire que lorsque l’exces d’oxydant (brome) est elimine en ohauf- 
fant, cette operation ait lieu en presence de chlorures. Ajoutons toute- 
fois que dans les solutions concentrees Fion TCI 4 ' est lui aussi de¬ 
compose sous Paction de la ehaleur. 

Les erreurs adh^rant au mode operatoire en question varient, pour 
des poids de thallium compris entre 0*0085 et 0*8726 gr . entre 0*00 
et 0*14 cc d’arsenite N/ 10. Le dit ecart maximum ne s’est presents 
qu’une seule fois. L’erreur moyenne du titrage, ealcutee de l’ensemble 
des essais, ne fait que 0*04 cc d’arsdnite Nf 10 si Ton prend en conside¬ 
ration le dit ecart maximum. Si on ne le fait pas, Perreur moyenne 
est de 0*033 cc, ce qui, pour un poids de thallium correspondant a 
25 cc d’ars&nite Nj 10, ferait 0*13% de thallium. 

Pour le poids de thallium correspondant a 1 cc d’arsenite cette 
erreur moyenne serait de 3*3% de thallium. L’erreur maximum en 
pareil cas est de 1*89% de thallium. Il est done utile d’operer avec une 
prise d’essai un peu considerable. 

Le titrage de Pars&iite par Piode comporte k lui seul une erreur de 
0*1% s’il est effects au Pn± —9, comme Pavait d6duit Washburn 8 ) 
de la mesure de F6quilibre chimique respectif et Thiel et Meyer 9 ) des 
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experiences directes. Le fait que l’addition de bicarbonate aux solu¬ 
tions titrees garantit la limite de [if*] indiquee ci-dessus, et que quel- 
ques-unes des erreurs observees s’ecartent trop sensiblement de la 
moyenne calcul4e, m’a determine k repeter quelques dosages du 
thallium avec cette difference que les solutions d’ars6nite comme 
aussi d’iode ont ete pesees au lieu d’etre mesurees. 


Tableau 14. 


gr de 
TlfiO 3 

Acide 

Consommation d’ars^nite 
KCl gr 

% de Tl 

mis en 

calculee 

trouveo (Theorie 87-204) 

oeuvre 

0*25753 

3 ce de HCl 

en milieu acide 
cone. 3 gr 21*9754 

22-0020 

87-309 

0*24626 

,, 

„ 21*0137 

209527 

86-951 

0*24998 

,, 

„ 21*3311 

21-3329 

87-211 

0*2490 


en milieu bicarbonate 
3 gr 21*2475 

21-3175 

87-491 

0*2498 


„ 21*3158 

21-3036 

87-154 

0*2518 


en milieu alcalin 

3 gr 21*4864 

21-4860 

87-202 

0*2501 


„ 21*3414 

21-3739 

87-337 

0*2464 


„ 21*0257 

21-0588 

87-341 


Les resultats ne sont pas meilleurs que ceux obtenus volumetrique- 
ment, malgre tous les soins apportes a l’execution du dosage et malgre 
que l’iode ait ete introduit vers la fin du titrage en portions d’environ 
0 01 gr . Le calcul des resultats conduit a la conclusion que le titrage 
stathrnometrique des sels thalliques au moyen d’arsenite comporte 
une erreur de 0-17%, ce qui est environ le double de l’erreur qui 
accompagne la determination de la valeur de la solution d’iode signaiee 
dans le tableau 15. 

Tableau 15. 


Solution 

Solution 

Valeur do 

Mode 

operatoire 

d’ars&iite 
en gr 

d’iode 
en gr 

la solution 
d’iode 

24*5718 

23*8758 

0*102915 

sans sel thalleux 

24*7713 

24*0842 

0*102853 


24*8384 

24*1298 

0*102936 


25*0475 

24*3774 

0*102749 

avec TICl 

24*9897 

24*2956 

0*102857 

>> 

24*8143 

24*0962 

0*102975 

9> 


La valeur moyenne de la solution d’iode determine en l’absenoe de 
TICl est de 0* 102901, en presence de TICl elle est de 0* 102860. On peut 
done considerer ces deux valeurs comme etant pratiquement identiques. 
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Le calcul de l’erreur moyenne dans la determination du titre d’iode 
par l’arsenite conduit au chiffre 0*08%, tres rapproche de celui que 
donne la litterature. 

Resume. 

L’auteur 4tudie la reduction des sels thalliques par l’arsenite de so¬ 
dium, en milieux fortement acide, bicarbonate et fortement alcalin, en 
vue d’une application en analyse. 

Son etalon est constitu^ par le carbonate thalleux Tl z CO z , le sel 
thallique est prepare en oxydant par le brome en liqueur acide. II 
trouve a ce propos que les sels thalliques subissent une decomposition 
partielle meme par chauff age modern si la solution ne renferme ni chlo- 
rures ni acide chlorhydrique. II tient compte de ce fait dans la pre¬ 
paration des solutions thalliques pour l’analyse. Les experiences de 
Tauteur montrent que la reduction est quantitative indifferemment 
en milieux acide, bicarbonate et alcalin. Le dosage du thallium par ce 
pro cede comporte une erreur moyenne de 0*2% environ. 

Pour la pratique, c’est la reduction en liqueur alcaline qui convient 
le mieux, a la condition que la solution thallique neutralisee soit 
introduite dans la solution d’arscnite alcalinisee, non pas inversement. 

Je saisis cette occasion pour d’exprimer & Monsieur le professeur 
Dr R. IIa c mes plus sinceres remerciments pour l’interet a-vec lequel 
il a suivi 1’execution du present travail. 
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LA DIPHfiNYLCA KB A ZIDE COMME INDICATEUR 
M ERCUROMfi TRIQUE. 

Par J. TRTiLEK. 


Les m^thodes mercurometriques ont fait leur preuve dans toute 
une serie de titrages, notamment dans le dosage volum&rique de 
l’ion chlore. La reaction fondamentale est' 


Hg " + 2 Cl' HgCl t (tres peu dissocie), 


et il s’agissait surtout de trouver nn indicateur suffisamment sensible 
vis-a-vis du premier petit exces d’ions Hg" et determinant soit la 
formation d’un precipite (trouble), soit un virage. 

Le premier probteme sc trouve resolu dans la m^thode d’Emile 
VotoCek 1 ) (verifiee et chaudement recommandee par J.M. Kolthoff 
et Ada Bak) 2 ) oil l'indicateur est constitue par lenitroprussiate de 
sodium qui donne avec la premiere goutte d’azotate mercurique en exces 
un trouble blanc laiteux. Cette methode est a la fois elegante et pre¬ 
cise, mais ne se laisse evidemment pas appliquer au dosage du chlore 
dans les cas oil la liqueur renferme des sels de metaux lourds pr6ci - 
pitables par le dit nitroprussiate. 

Pour qu’on put etendre le dosage mercurometrique des halog&nes 
m6me a ces cas-la, il a fallu trouver un indicateur qui fut specifique 
pour les ions Hg" sans reagir avec les autres cations dans les 
conditions d6termin6es surtout par l’acidite de la solution k titrer. 

Toutes ces conditions paraissent etre satisfaites par la diphenyl - 
carbazide a ) 


0=C 


^ NH . NH . C e H s 
^NH . NH . C\H y 


Elle donne avec les sels mercuriques dissocies. aux faibles concentra¬ 
tions, une coloration bleu violet, aux concentrations plus considerables, 
des pr6cipites bleus jusqu’a violets sur la composition desquels les 
opinions sont partagees. Il parait qu’il s’agit de sels complexes soit de 
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la diphenylcarbazide elle-meme, soit — ce qui est plus vraisemblable — 
de son produit d’oxydation, la diphenylcarbazone 

qu'on pourrait evidemment employer aussi direetement. 

F. Feigl 4 ) etudia la reaction de la diphenylcarbazide avec le mer- 
cure et la signala, en l’absence de chromates et de molybdates, 
comme un r^actif specifique pour la micro-recherche de Fion Hg'\ 
II faut op^rer en presence d’acide azotique N 0*2, parce que dans les 
solutions neutres ou acidules seulement par Facide antique les sels des 
autres metaux lourds, tels que les cuivriques, de cobalte etc., donnent 
des combinaisons analogues k celle du mercure. L’acidite indiquee 
suffit toutefois pour empecher tout a fait leur formation ou pour les 
redissoudre avec facilite. 

Le fait le plus important pour le titrage mereurometrique est qu’une 
solution alcoolique de diphenylcarbazide a 1—2% ne reagit pas dans 
les conditions signalees avec les solutions de chlorure mercurique. 
Si done on ajoute Fazotate mercurique a titre connu a la solution du 
chlorure a doser, additionnee auparavant d’une solution alcoolique 
de diphenylcarbazide, on voit apparaitre une coloration bleu violet 
intense qui disparait instantanement, et cela aussi longtemps que 
Fion chlore present suffit k capter Fazotate mercurique ajoute en 
le transformant en chlorure mercurique tres peu dissocie. La premiere 
goutte d’azotate mercurique en exces determine une coloration rose 
jusqu’a violette persistante, due a la reaction de l’indicateur avec 
les ions Hg'\ L’intensite de la dite coloration est variable suivant la 
vitesse plus ou moins grande avec laquelle on termine le titrage. On 
opere en solutions faiblement acides. 

Lorsque Facidite n’est que faible, on voit parfois apparaitre vers 
la fin du titrage un faible trouble jaunatre, qui parait etre du k la 
separation d’un compose additionnel du chlorure mercurique forme 
et de la diphenylcarbazide. Ce trouble n’entrave cependant nulle- 
ment Failure du titrage, et Fon peut d’ailleurs empecher sa formation 
en augmentant Facidite de la4iqueur titree. 

Pour que Findicateur signale exactement la fin de titrage, e’est-a- 
dire indique Fexcfes le plus faible d’ions mercuriques, il faut que sa 
reaction avec eux soit suffisamment sensible. Tant qu’il s agit de 
solutions tr&s peu acides, le titrage s’accomplit exactement, mais avec 
les solutions plus acides, le titrage est souvent entache d’erreurs dues 
au fait que Facidite augmente© rabaisse la sensibilite de la diphenyl- 
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carbazide. F. Feigl 4 ) donne pour la limit© de sensibility de la dite 
reaction les valeurs suivantes: 

0-1 y*) de mercure a Facidity naturelle de Fazotate mercurique (due 
k Fhydrolyse) 

0*2 y de mercure a Facidite de HNO s N 0*1 
1*0 y de mercure a Facidity de HNO z N 0*2. 

Concentration limite : 1:500.000, 1:250.000, 1:50.000. 

Si done on veut atteindre une prycision suffisante, on doit veiller k ce 
que les solutions dans lesquelles on dose Fion chlore ne soient pas trop 
acides; mdme en prysence de mytaux lourds il suffit d’aciduler par de 
Facide azotique N 0*2 pour que leur reaction avec la diphynylcarbazide 
soit empechye. II import© aussi que l’azota temercurique employy ne 
presente qu'une acidity minimum. 

Le rabaissement de la sensibility de Findicateur par augmenta¬ 
tion de Facidite de la liqueur a titrer peut prysenter des difficultys 
surtout lors du dosage des halogenures des metaux lourds, oil Facidity 
determinye par Fhydrolyse est dyja considyrable. En pareil cas, 
on se tire d’affaire en ajoutant la quantity convenable d'acetate 
de sodium pur, apres quoi on acidule au besoin par quelques gouttes 
d’acide azotique N 0*2. 

En ce qui concern© les dytails techniques du titrage, ils ne different 
nullement de ceux de la mythode d’E. Voto5ek. On les trouvera 
signals plus bas dans les divers exemples. 

L’emploi de la diphynylcarbazide comme indicateur mercuromytrique 
me semble avantageux dans bien des cas. La pratique doit dycider de 
sa valeur dans les cas de titrages plus compliques. La thyorie de ces titra- 
ges sera elucidye lorsqu’on aura ytudie systematiquement les divers sels 
de diphynylcarbazide de constitution inconnue jusqu’ici, notamment 
en ce qui concern© leur solubilite. En collaboration avec le professeur 
J. V. Dubsk^ je n’ai ytudiy sous ce rapport que les sels respectifs 
de nickel, mais nous nous proposons d'etendre cette ytude a d’autres 
mytaux et surtout de mettre a point le microtitrage dont il est 
question plus haut. 

Partie cxpcrimentale. 

La diphynylcarbazide nycessaire a ete prypary© soit k partir de 
Fury©, soit k partir de Furethane. 5 ) 8 ) Pour le titrage elle a ete employy© 
sous forme d’une solution aleoolique k 1—2%. En vase clos, cette 
solution se conserve longtemps. 

*) 7 — 0*001 mgr. 
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Examples de titrages mercurometriques en presence de 
la diph^nylcarbazide comme indicateur. 

iStablissement du coefficient de l’azotate mercurique. 

On prepare une solution sensiblement N/10 en dissolvant 16-23 gr 
de Hg(NO z ) 2 , soit V 20 de mol. gr dans 1000 cc d’eau. On veille a ce 
que la quantite d’acide azotique employee pour supprimer le de- 
doublement hydrolytique soit minimum; il suffit de 1 k 2 cc d’acide 
concentre. On ytablit le coefficient de la liqueur par titrage habituel 
au chlorure de sodium JV/10. On opere le titrage a la temperature 
ordinaire apres avoir acidul6 par 1—3 cc de HNO a N 0-2 pour 10 cc 
de la solution k titrer. Indicateur: 0-5 cc de solution alcoolique de 
diphenylcarbazide signalee plus haut. On verse la liqueur mercurique 
lentement, surtout vers la fin oil commence k apparaitre la coloration 
rose. 10 cc de NaCl sensiblement N/10 (coefficient0-930 3 )ont consomme 
en moyenne 8-80 cc de solution mercurique, ce qui donne jiour eette 
derniere le coefficient / -- l*054 s . 

Le titrage a £t6 control© par la method© d’E. Vototfek: 1 ) 

10 cc de meme NaCl ont consomme en moyenne 8-81 cc de Hg{NO^) 2% 
d’ou / = I-056 0 . 

La proportion d’indicateur n’a generalement pas d’importance. On 
la regie d’apres le volume de la solution a titrer, toujours de maniere 
a obtenir un effet colore d’intensite suffisante. Bien que la diphenylcarba¬ 
zide soit peu soluble dans l’eau, elle ne se separe pas de sa solution 
alcoolique lors de ^’introduction dans la liqueur k titrer; il est done 
X>ossible d’operer a froid. 

Influence de l’acidite de la solution a titrer sur 
la sensibility de l’indicateur. 

Ainsi qu’il a d£ja yte dit plus haut, cette sensibilite s’abaisse 
avec l’acidity, car le produit qui se forme par Taction des ions Hg 
sur la diphenylcarbazide est d’autant plus soluble que la liqueur 
est plus acide. 

Pour etablir cette influence, on a titr4 une solution de NaCl Nj 10 
(coeff. 0*9303) par une solution de Hg(NO z ) 2 N/ 10 (coeff. 1-621 0 ). 
Les titrages ont 6t6 operes en presence de quantites variables d’acide 
azotique et de 0*5 cc d’indicateur k 1 % toutes choBes egales d’ailleurs. 

Les resultats sont resumes dans le tableau suivant, qui donne la 
moyenne de 3 titrages op6r6s de manifere identique. La consommation 
th&mque est dans tous les cas 5-74 cc de Hg(NO a ) t . 
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Mis 


Con- 




en oeuvre 

Addition 

sommation 

]£eart 

Note 


JV/10 NaCl 

d eHNO s N/10Hg(N0 9 ) 2 

(5-74) 


f 0*930 s 


/ 1*621 



1 . 

10 cc 

0 

5*75 cc 

+ 0-01 cc 

La formation d’un 
trouble perturbe 
la fin du titrage 

2. 

10 cc 

2 cc 0*2 n 

5*78 cc 

+ 0-04 cc 

Faible trouble k 
la fin du titrage 

3. 

10 cc 

1 cc 0*2 n 

5*78 cc 

+ 0-04 cc 


4. 

10 cc 

2 cc 0*2 n 

5*80 cc 

+ 0-06 cc 


5. 

10 cc 

1 cc TO n 

5*82 cc 

+ 0-08 cc 


6. 

10 cc 

3 cc TO n 

5*85 cc 

+ 011 cc 

Sans trouble jusqu’k 

7. 

10 cc 

1 cc 2*0 n 

6*00 cc 

+ 0-26 cc 

la coloration rose 

8. 

10 cc 

3 cc 2*0 n 

6*10 cc 

+ 0-30 cc 



II en ressort que la quantity maximum (Tackle azotique N 0*2 
employ^ pour Tacidulation ne doit pas depasser 2cc. Si cette condition 
n’est pas remplie, on voit apparaitre des erreurs qui sont d’autant 
plus fortes que, k acidulation egale, le volume de la solution a titrer 
et la concentration sont plus faibles. 

Si aux solutions rose violet obtenues dans les essais 6—8 on ajoute 
quelques gouttes d’une solution d’ac^tate de sodium, on coupe Tacidite 
min^rale, etla liqueur devient violette en peu de temps, ce qui montre 
que dans le titrage on a d^passe le point exact, c’est-A-dire que l’indi- 
cateur a ete rendu trop peu sensible par Texces d’acide azotique. 


Dosage du chlore dans le chlorure de sodium. 

0*5430 gr de chlorure de sodium pur recfistallise et s<$chd sont 
dissous dans Teau et ramen^s a 100 cc pour obtenir une solution 
sensiblement N/10. Une s^rie de titrages ont 6 faits en employant 
1—3 cc d’acide azotique N 0*2. 

10 cc de solution de NaCl ont consomme respectivement 8*80, 8*84, 
8*76 cc de Hg(NO B ) 2 , en moyenne 8*80 cc, d’oh Ton trouve une teneur 
de 60*74% de chlore, alors que la teneur theorique est de 60*65% 
de chlore. Le contrdle par dosage pond^ral a i6vel6 60*54% de chlore. 

Le titrage sans acidulation prdsente Tinconv6nient de donner nais- 
sance, vers la fin, a un trouble blanc sale qui rend impossible 1’obser- 
vation du virage. Par addition de 1 k 2 cc de HNO z N 0*2 ce trouble 
disparait completement ou presque. 
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Les chiffres obtenus ci-dessus ne s’ecartent done pas des limites 
admissibles en volumetric courante et ne different que fort peu des 
chiffres theoriques. 

Lors du dosage pond^ral de controle j’ai essay6 de doser les traces 
de CV restees dans le filtrat apr£s le chlorure d’argent par titrage au 
moyen de Hg(NO z ) a A/100. Le resultat etait negatif, car les erreurs 
possibles atteignent ici les valeurs qui correspondent a la teneur en 
chlore, sans parler des difficult^ que presente la neutralisation de 
l’acide azotique employe lors de la precipitation du chlore. 


Dosage du chlore dans le chlorure de sodium en presence 
de sels de metaux lourds. 


A une solution de NaCl titree et controlee par dosage ponderal de 
Cl j’ai ajoute des solutions de sels de certains metaux lourds, neutres 
et aussi exemptes de chlore que possible. 

La solution fondamentale de chlorure de sodium renfermait dans 
10 cc 0*05430 gr de NaCl — 0*03294 gr de chlore, soit 60*65% de 
chlore. La consommation de Hg(NO z ) 2 theorique est de 8*79 cc de 
Hg(NO B ) 2 . 

Coefficient de la solution mercurique: / =■= 1*057 0 . 


NaCl 


En presence 
de 


Consom¬ 
mation de 


Hg(NO,) 2 
/- 1 057 0 


Chlore 
trouv6 
en gr 


iScart 


ficart 
en mgr 
de Cl 


Acidula- 
tion par 
HNO 3 
N 0*2 


10 cc 5 cc 6V(acet) 2 n/2 8*78 cc 0 0329! —0*01 cc —0*0 3 0 5 cc 

10 cc 10 cc 6V(acet) 2 n/2 8*78 cc 0 0329! — 0*01 cc — 0*0 3 0*5—1 cc 

10 cc 5 cc Co(NO z ) 2 n/10 8*86 cc 0*0332! + 0*07 cc + 0*2 7 1 cc 

10 cc 10 cc Co(NO z ) 2 n/10 8*90 cc 0 0333* + 0*llcc + 0*4 2 2cc 
10 cc 10 cc P6(acet) 2 n/10 8*82 cc 00330* + 0*03cc + 0*1 2 2cc 
10 cc 5 cc MnSOt n/10 8 80 cc 0-0329 8 + 0*01 cc + 0*0 4 1 cc 

10 cc 5 cc CdSO A n/10 8*84 cc 0*0331 x + 0*05 cc + 0*1 7 2cc 


Les chiffres figurant dans le tableau representent la moyenne de 
trois titrages effectu^s dans des conditions identiques avec 0*5 cc de 
diphenylcarbazide k 1%. 

Les exemples ci-dessus montrent que meme en presence d’un exces 
considerable de sels de metaux lourds le titrage mercurometrique du 
chlore, avec la diphenylcarbazide comme indicateur, presente une pre¬ 
cision suffisante si l’on satisfait aux conditions relatives &la sensibilite 
de l’indicateur. 
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Pour beaucoup de chlorures l’acidite due k Phydrolyse suffit pour 
rendre imprecise la fin du titrage, et il arrive alors que celle-ci est 
d4pass6e de 1 & 3%. En pareil cas il faut couper cette acidity par la 
quantity minimum d’ac^tate de sodium exempt de chlore. 

Dosage du chlore dans le chlorure cuivrique. 

а) 0*1289 gr de CuCl 2 . 2 H 2 0 (recristallise dans l’eau et sychy a Fair) 
dans 100 ccd’eau sont titrys a moyenne temperature. L’addition de Pin- 
dicateur produit une coloration rouge qui disparait apres addition de 
3—4 cc de HN0 3 N 0*2. Coefficient dePazotate mercurique employ^: 
/ — 1»057 0 . Consommation totale 14*40 cc, d’oii Ton trouve 0*05395 gr, 
soit 41*78% de chlore, tandis que la theorie pour CuCl 2 . 2 H 2 0 exige 
41*61%. 

La difference parait tenir k Pexces d’acide qui a rabaisse un peu la 
sensibility de Pindicateur. Elle ne depasse toutefois presque pas les 
limites d’erreurs pouvant etre causees par les peaces et les mesures 
des volumes. 

б ) Un second essai a et6 effectue en operant k une acidite plus faible: 
0 9510 gr de CuCl 2 . 2 H 2 0 sont dissous dans 100 cc d'eau, ce qui 
repond sensiblement k une solution N/IQ. L'indicateur n’a ete ajout6, 
par gouttes, qu’en quantity necessaire pour faire disparaitre la colora¬ 
tion rouge que produit la diphenylcarbazide avec le chlorure cuivrique 
(de 2 k 3 gouttes). 10 cc de Solution cuivrique ont consomme (comme 
moyenne de 4 titrages) 10*55 gr de Hg(N0 3 ) 2 Nj 10 (en reality on 
operait avec une solution mercurique dont le coefficient ytait / ~ 
= l*056j). Cette consommation correspond a 0*03951 gr, soit 41*54% 
de chlore, la thyorie en exige pour le sel CuCl 2 . 2 H 2 0 41*61%. 

Dosage du chlore dans le chlorure de cobalt. 

1*0191 gr de CoCl 2 . 6 H 2 0 pur (recristallise dans Peau) sont dissous 
dans Peau et ramenys a 100 cc. La solution a titrer (10 cc) n’a yty 
acidulee que par quelques gouttes d’acide azotique N 0*2, juste la 
quantity necessaire pour faire disparaitre la coloration brunatre que 
donne la diphynylcarbazide avec le chlorure de cobalt. Le coefficient 
du sel mercurique ytait / = 1*056!. 10 cc de solution de sel de cobalt 
ont consommy (moyenne de 3 titrages) 8*15 cc de Hg(N0 3 ) 2 NjlO, 
ce qui correspond a 0*03052 gr, soit 29*94% de chlore. La teneur 
calcuiye pour CoCl 2 .6 HjD est de 29*80%. 
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La precision du titrage depend ici encore du degre d’acidit6 de la 
solution k titrer; lea valeurs trouvees d^passent ordinairement un peu 
celles qu’on calcule. 

En terminant, qu’il me soit permis d’exprimer ici mes remerciements 
tres sinceres k M. le professeur J. V. Dubsk^, dont 1’amabilite m’a 
rendu possible l’execution du present travail 4 son Institut. 

Institut de Chimie analytique 
de la FaculU des Sciences a V University Masaryk 
Brno (TcMcoslovaquie). 
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SUR LA FORMATION DES 8ELS D’AMIDOXIMES. 
I. AMIDOXIME HIPPURIQUE 


par J. V. DUBSK? et J. TRTiLEK. 

Nous avons prepare l’amidoxime hippurique en faisant agir l’hydro- 
xylamine sur le nitrile hippurique suivant le schema 

C 6 H 6 .CO.NH.CHt.CN + H t NOH -» C 9 H & .CO.NH.CH 2 .. 

La reaction signal6e, connue pour maints autres nitriles, conduit 
r^gulierement k l’amidoxime correspondante. 

Ajoutonsqu’il nous a impossible jusqu’& present d’obtenir 1’amid- 
oxime hippurique k Tetat pur, nos produits etaient constamment 
souilles d’un peu de chlore. Ils fondaient aux environs de 120°. 

L’amidoxime hippurique est tres soluble dans Falcool et l’eau chaude; 
ses solutions aqueuses so decomposent par ebullition. Avec le chlorure 
ferrique elles donnent une coloration rouge violet, avec l’ao6tate de 
cuivre un precipite vert brunatre. 

Ainsi que le montre liquation de sa formation, l’amidoxime peut 
figurer dans ses solutions en deux formes tautomeres: 

I. C t H 6 .CO.NH.CH 2 .CC%**fa II. C 9 H 6 .CO.NH.CH a .C^ff 0H 

Conformement 4 cela, nous nous figurons la constitution de ses sels 
de deux manures. Ainsi le sel cuivrique, dans lequel 1 atome de cuivre 
revient 41 molecule d’amidoxime et qui, apres la dessiccation habituelle 
k l’air, renferme deux molecules d’eau, pourrait s’ecrire: 

I. C\H h .CO.NH. CH 2 . C^^^Cu—OH. Hfi 

II. C 9 H 6 .CO'.NH.CH 2 -CCj^jq^Cu .2 H 2 0 

Si, enfin, on admettait la possibility que l’hydrog4ne imino de la 
chaine est dou4 de inactivity, on pourrait prendre en oonsidyration 
la naissance d’un noyau k 5 chainons ultyrieur: 
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III. CiH h .CO.N—CH 2 —C—NHt 

I II .2 H 2 0 

Cu - N=0 

Le comportement different de l’eau (l’une des molecules se perd 
ais&nent au-dessousde 100°, tandis que rautre se trouve attachee beau- 
coup plus solidement), ainsi que la formation du corps en milieu 
faiblement alcalin nous font preferer la premiere conception comme 
etant la plus vraisemblable. 

Parmi les diverges reactions de l’amidoxime hippurique ce sont celles 
avec les sels de nickel qui attiraient principalement notre attention. 
Si l’on melange une solution alcoolique d’amidoxime avec une solution 
de sel de nickel, on n’observe aucune reaction; si toutefois on ajoute 
quelques gouttes d’ammoniaque, la liqueur separe un precipite vert 
ou aequiert seulement une teinte plus foncee, suivant la concentration 
de la solution. Apres un temps prolong^, parfois seulement au bout 
de quelques jours, la couleur verte de la liqueur vire d’abord en brun 
fonc6, puis en rouge violet intense, et a la surface on voit se former 
de fines croiites d’un produit de belle couleur rouge violet. 

La reaction peut etre acceleree de sorte qu’elle s’aceoinplit en quel¬ 
ques minutes, si a une solution faiblement ammoniacale d’amidoxime 
et de sel de nickel on ajoute une goutte d'eau oxygen6e a 3%. En 
chauffant avec precaution on obtient immediatement une coloration 
violette, k une concentration un peu considerable on voit se s^parer 
un corps rouge violet parfois jusqu’4 violet fonce, differant suivant 
les conditions reaetionnelles. Les nuances foncees s’observent lorsque 
l’eau oxyg^nee est en exces et paraissent etre dues k l’oxyde de nickel 
provenant de l’exces de sel de nickel. 

II s’agit done de processus d’oxydation dans lesquels il y a deux 
possibility: 1’oxydation porte soit sur le nickel, soit meme sur la 
matiere organique. La coloration caracteristique rouge violet, anormale 
pour les sels de nickel, montre qu’il s’agit de la premiere possibilite 
qui aurait son analogic dans le sel nickeiique de la benzamidoxime 
decrite par J. V Dubsk^ et M. Kura§, de composition 

[W<ra, v ]^- 

F. Peigl explique une reaction d’oxydation semblable pour le sel 
de nickel de la m^thylglyoxime par la formation d’un derive k nickel 
tetravalent. 

Malgre toutes les difficulty que pr4sentait la preparation du compose 
nickeie de la hippuramidoxime, nous avons reussi k l’obtenir k l’etat 
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pur sous forme pulvtrulente. II est insoluble dans Peau froide; dans 
Peau chaude et dans les acides, il se decompose rapidement avec dt- 
gagement de bulles de gaz; la couleur rouge violet change en violette 
et grise. 

Le compost renferme pour 1 atome de nickel six atomes d’azote, 
ce qui correspond a 2 mol. d’amidoxime hippurique. Pour expliquer 
sa formation par oxydation et maintenir Panalogie avec le sel nicktlique 
de benzamidoxime signa-16 plus haut (auquel il ressemble beaucoup), 
nous lui donnons provisoirement la formule suivante: 

| C t H t . CO. NH. CH i . C< x% > J 2 Ni — OH. 

La formation du sel basique se laisse alors expliquer en admettant 
qu’il se forme d’abord un derive analogue a celui obtenu avec la 
benzamidoxime, mais qui par suite de son poids moleculaire conside¬ 
rable (sous Paction du milieu faiblement alcalin au sein duquel il 
se forme a chaud), detache hydrolytiquement la troisieme molecule 
d'amidoxime suivant le schema: 

OH H 

| C t H t .CO.NH.CH i .C^^^ t Ni^^yC.CH i .NH.CO.C\H 6 . 

C’est ainsi qu’on peut egalement expliquer le fait que la reaction 
fournit une serie de produits qui ne different entre eux que par les 
nuances du violet. Leur composition oscille entre celle de Ni (hippur- 
amidoxime) 2 et de Ni (hippuramidoxime) 3 . Dans le cas le plus simple 
on peut les considtrer comme des melanges formes par la decomposition 
mentionnee plus haut. 

Amidoxime hippurique. 

Le nitrile hippurique necessaire a et 6 prepare suivant A. Klages 
et O. Haack 1 ) en faisant agir le sulfate d’aminoacttonitrile sur le 
chlorure de benzoyle. 

Dans les premiers essais d’oximation nous avons essay t d’optrer 
en milieu aqueux. Le nitrile hippurique, dissous dans Peau chaude 
(3*2 gr = 2 / 100 de mol. gr) a 6t6 chaufft au bain-marie avec une solution 
de chlorhydrate d’hydroxylamine (1-4 gr = 2 /ioode mol. gr) neutralist© 
par une solution aqueuse chaude d’acttate de sodium (2*7 gr de 
CHs.COONa.3 H 2 0~ 2 / 100 de mol. gr ). 


l ) J5. 1903, 36, 1046. 
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Aprfes evaporation au bain-marie, la liqueur a separe des gouttes 
huileuses brun vert qui se sont prises partiellement en matiere cristallisee, 
souill6e il est vrai de chlore, mais dont les proprietes montraient la 
presence de Famidoxime. Elle donnait avec le chlorure ferrique une 
coloration rouge intense, avec F acetate de cuivre un precipite brun vert. 

On obtient des r^sultats bien meilleurs si Ton effectue l’oximation 
du nitrile hippurique en milieu alcoolique. De cette raaniere le danger 
d’une saponification partielle du nitrile mis en oeuvre se trouve ecart<£. 

2*8 gr de chlorhydrate d’hydroxy lamine ( 4 /ioo de mol .gr) ont etc 
dissous dans Falcool a 96%, puis additionnes d’une solution alcoolique 
de 1*6 gr environ de NaOH a chaud, en agitant constamment. Vers 
la fin, on ajoutait Falcali par gouttes pour obtenir une solution sensible- 
ment neutre. 

On a ecarte par filtration le chlorure de sodium, apres quoi le 
filtrat a etc ajout6 a une solution alcoolique chaude de 6*4 gr ( 4 / 100 de 
mol. gr) de nitrile hippurique. Le tout a etc maintenu pendant 5—6 
heures entre 60 et 70° au bain-marie, Falcool a ete chasse partiellement 
et le residu a ete abandonne k la cristallisation lente. 

Le produit est k l’^tat d’une masse cristallisee blanche, aisement 
soluble dans Falcool et Feau chaude. II renferme comme impurete 
un peu de chlore, ii fond a 118°. Le rendement est faible. La recristalli- 
sation dans Falcool ne conduit pas au produit pur, car les impuretes 
et le produit ne different pas suffisamment par leur solubilite; d’autre 
part, la reeristallisation dans Feau comporte le danger d’une decom¬ 
position. 

Les produits ainsi partiellement purifies fondaient entre 123 et 126°. 

L’azote a ete dose dans un produit recristallise dans Falcool. La teneur 
en azote a ($te trouv^e 19*45%, alors que celie calculee pour l’amidoxime 
hippurique 

C 6 // 5 . CO. Nil. CH i . (193) 

est de 21*70%. L’6cart est du aux impuretes, notamment au chlore. 

Pour nos essais nous n’avions d’ailleurs point besoin d’un produit 
tout k fait pur. 

Sel de cuivre de l’amidoxime hippurique. 

Nous l’avons isole principalement pour nous assurer de la com¬ 
position de l’amidoxime employ6e. 

1*92 gr d’amidoxime (Vioo de mol. gr) dissous dans Feau chaude ont 
melanges avec un exces d’acetate de cuivre en solution aqueuse 
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chaude. II se produisait un pr£cipit6 volumineux brun vert dont la 
formation a et<$ favorite par chauffage au bain-marie et par addition 
de quelques gouttes d’ammoniaque. H a 6t6 essor6, lav6 soigneusement 
k l’eau chaude, puis seche k l’air. 

Apr&s dessiccation, le produit est gris vert, pulverulent. II se dissout 
facilement dans les acides avec decomposition, pas du tout dans l’eau. 
Sous Taction de la chaleur il ne fond pas, mais noircit et se combure. 
II ne renferme pas de chlore. 

Analyse: 


Substance: 0-1093gr,perte au-dessous de 100° O-OO730r.. 6-68%d’eau; 

0-1093 gr, CuO 0-0302 gr . Cu 22-07% (p. m. 288); 

0-00850 gr, N 1-068 cc (741 mm, 22°) N 14-20% (p. m. 

98-57). 


Cu:N= 1: 2-91 


ce qui est d’accord avec la com position de 

[C 9 H, . CO . Nil.CH 2 . C(NH 2 ) - NO]Cu. 2 H 2 0 (p. m.= 291-6). 

Calcuie Cu 21-82%, N 14-43%, Efi 12-38%. 

Trouve Cu 22-07%, N 14-20%, H/J 6-68%. 

Vu que le corps prend naissance en milieu faiblement alcalin et que 
la dessiccation au-dessous do 100° ne rdvele que la moitic de l’eau 
presente, nous admettons la formation du compose basique suivant: 

C\H 5 .CO.NH ,C7/ 2 . . H 2 0. 


Reaction de l’amidoxime hippurique avec le nickel. 

Si une solution d’amidoxime hippurique dans l’eau chaude est 
m61ang6e avec une solution de chlorure de nickel, on n'observe soit 
aucun changement, soit la formation d’un faible trouble due k la sepa¬ 
ration de l’amidoxime. Si on ajoute une goutte d’ammoniaque, on voit 
se former un pr&ripite vert (d’hydroxyde de nickel k ce qu’il parait) 
qui se depose au fond du vase en laissant surnager une liqueur verd&tre. 
Au coursde quelques jours, cette liqueur brunit lentement, devient plus 
foncee et, au bout de huit jours environ, elle commence k s^parer, tant 
k la surface du liquide qu’a celle du pr6cipit6, un enduit rouge violet 
de produit insoluble dans l’eau qui naturellement ne se laisse pas 
isoler ainsi. 

Une reaction analogue s’accomplit avec bien plus de netted si Ton 
opfere avec des solutions alcooliques soit des deux composants, soit au 
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moins de Pamidoxime. Le dit produit rouge violet se dissout en effet 
dans Palcool avec une coloration rouge violet intense qui d^cele sa 
formation meme en proportion peu considerable. 

La reaction en question s’effectue en quelques minutes si Ton ajoute 
au liquide r<5actionnel une goutte d’eau oxygen^e k 3 % et qu’on chauffe. 
Comme composant de nickel l’hydroxyde de nickel fraichement prepare 
se prete le mieux. 

La preparation k P6tat pur du produit de ces reactions present© 
des difficultes notables, car les produits obtenus sont souilles soit de 
chlorure de nickel, soit d’amidoxime libre, et ne peuvent etre purifies 
par les procedes courants. 

Une serie d’essais faits en vue d’elaborer la meilleure methode pour 
preparer le sel de nickel de Pamidoxime hippurique nous a montr6 
que le produit le plus pur prend naissance dans les conditions que 
voici: 

Vioo de mol. gr (1-93 gr) d’amidoxime, dissous a chaud dans 
Palcool, a ete melange avec 1 / 300 de mol. gr de chlorure de nickel 
en solution normale moderement chauffee (0-79 gr de NiCl 2 .6 H 2 0 
dans 3 cc environ d’eau). On a ajoute quelques gouttes d’eau oxygen6e 
a 3%, puis de Pammoniaque jusqu’& odeur nette. Lors de l’addition 
de Pammoniaque la liqueur devint fonc6e et vira en rouge violet 
intense. Chauffee au bain-marie en agitant sans cesse elle deposa un 
produit pulverulent rouge violet (presque pourpre) qu’on essore et 
s^che k Pair. 

Le rendement etait mediocre, le produit etait souille de chlore. 

Les analyses ont donne le resultat suivant: 11*34% de nickel 
(p. m. 517), 19*26% d’azote (p. m. 73*04), 2*15% d’eau. A l atome 
de nickel correspondent done 7*08 atomes d’azote, ee qui montre que le 
produit n’est pas encore un corps defini. 

L’essai qu’on vient de decrire a ete repete avec la scule difference 
que le produit a ete lave k l’eau chaude (50—60°) jusqu’a plus de chlore. 
Par son aspect le produit ne differait pas du precedent. 

Analyse: 

Substance: 

8* 10 mgr, Ni (par dosage microeiectrolytique 1 ) 1*02 mgr .., Ni 12*60%, 

p. m. 465; 

14*81 mgr , NiO (par combustion) 2*38 mgr . . .Ni 12*63%, p. m. 464; 

6*11 mgr , N 0*990 cc (747 mm, 20°) ... N 18*55%, p. m. 75*5. 

Ni : N= 1 : 6*11, 

x ) A. Ok45: Zeitschr. f . anal . Chem. 1932, 88, 189. 
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oe qui est conforms k la composition d’un corps que l’on peut se 
figurer, pour les raisons signalees dans la partie th^orique de cette 
communication, comme etant 

| C\H S .CO. NH. CH\. 2 Ni(OH) (p. m. 459-7). 

Trouve: Ni 12-63%, N 18-55%. 

Calcule: Ni 12-76%, N 18-27%. 

Dans le sens des vues de F. Feigl sur la constitution du produit 
d’oxydation de la dimethylglyoxime avec le nickel on pourrait d’ail- 
leurs formuler le corps de la maniere suivante: 

|cy/ 6 .CO.NH. CH 2 . 1 2 Ni=0. 

11 est facilement soluble dans les acides en se decomposant avec 
degageinent de gaz. Une decomposition analogue a lieu lore de I'ebulli- 
tion avec l’eau. La substance rouge violet n’entre pas, il est vrai, en 
solution, mais perd sa couleur en donnant une poudre grise, a ce qu’il 
parait par suite d’une decomposition et d’une reduction ulterieures. 
Le produit forme renferme 11-66% d’azote (p. m. 119), 23-30% de 
nickel (p. m. 252), soit 2-11 d’atomes d’azote pour 1 atome de nickel. 

La constitution du corps reste encore obscure, mais il est evident 
que l’etude de ses produits de decomposition peut apporter la lumiere 
dans les reactions ayant lieu dans l’oxydation en question. 

Institut de Chimie analytique a la Faculty 
des Sciences de V University Masaryk 4 Brno 
( Tchecoslovaquie ). 



PSEUDO BASES AND COMPOUNDS WITH REACTIVE GROUPS. 
CONDUCTIVITY CHANGES IN SYSTEMS OF CRYSTAL VIOLET BASE 
AND CARBOXYLIC ACIDS 

by MARIUS REBEK and GEORGE MANDR1NO. 

Two years ago one of us 1 ) published a paper concerning combin¬ 
ations of negative und positive dyestuff radicles. The formation of 
the dyestuff has been ascertained by measuring the increase of the 
conductivity with time. We could establish, that some systems reacted 
instantaneously whereas others needed many hours for reaching the 
maximum of conductivity. 

We believed, that such rearrangements of a pseudo-base into a real 
base (or a pseudo-acid into a real acid) — which can be easily controlled 
by measuring the conductance — would be a very convenient 
means for expressing numerically some differences between the trans¬ 
posing compounds which are given by their constitution — especially 
position isomerism. We hoped that we would ultimately be able to 
classify various nitrodiphenylamines as to their power of changing 
a oertaiu quantity of a pseudobase into a real base. 

Before we began with this task, we tried the method on substances, 
whose properties had already been studied and classified from other 
points of view. Certain carboxylic acids were first investigated. 

The first aim was to obtain absolutely reproducible results: systems 
of a certain pseudo-base and an acid in pure acetone had to show the 
same conductivities after the same time. 

In this line we experienced considerable difficulties. 

As pseudo-base we used the base of crystal violet. In despite of 
great efforts in purifying it the obtained material showed different 
effects: the velocity of rearrangement varied in systems combined of 
crystal violet base from different purifications and an acid, even if 
the other conditions of the experiment were as constant as possible. 

We used 1/200 n solutions in pure acetone. Since the conductivity 
of various samples of pure acetone was not always the same, we 

*) M. Rebek, CoUectionmi, 3, 165. 
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subtracted it from the total conductivity of the systems. The limits 
of the conductance of acetone used in our experiments were 3.10— 7 — 
6 . 10— 7 rec. ohms. The various solutions of crystal violet base (1/200 n) 
showed conductances from 1-0 . 10~ 7 to 5*2 • 10~~ 7 rec. ohms. 

Immediately after solution the conductance was a little lower. After 
several hours a maximum was reached: 

1/200 n acetonic solution of crystal violet base. 

Temp. 25° C. 

10 min. after solution 2-1 . 10— 7 rec. ohms 

48 hours after solution 3*6. 10— 7 ,, „ 

But if the solutions were kept for some time in well closed con¬ 
ductivity vessels, and the conductance then measured, considerably 
higher values were obtained: 

I. II. 

10 min. after solution 2-1 . 10— 7 3*2.10— 7 

after 35 hours 9*0. 10— 7 — 

after 40 „ — 1-2 . 10— 6 

I and II are 1/200 n solutions of crystal violet base from two 
different purifications. 

These higher values obtained in closed conductivity vessels are most 
probably caused by the formation of salt from the pseudo-base and 
the carbon dioxide of the air in the space above the solution. The 
following estimate shows the possible extent of salt formation: the 
volume of the vessel is about 100 ccs, the quantity of carbonic acid 
in this volume about 0*8 mg. 10 ccs of a 1/200 n solution of the pseudo¬ 
base contain 19*4 mg of base equivalent to 2*2 mg of C0 2 . The con¬ 
sumption of the whole of the C0 2 in the yessel would correspond to 
a salt formation of 36%. The high conductance values obtained under 
such conditions are then quite understandable. 

These “spontaneous” increases of conductivity of course superpose 
themselves to those, which are caused by the investigated substances- 
However, as the conditions do not vary in this respect, we believe 
that the various substances causing the rearrangement of the pseudo¬ 
base could be well compared on the basis of the conductivity increase 
without eliminating the increase, nearly equal in all experiments, 
caused by the amount of carbonic acid. 

Larger volumes of base solutions conserved in well closed flasks and 
filling them nearly completely proved to be stable enough as regards 
the conductance. 
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Now w© tried to obtain an idea of the conductivity of the system 
crystal violet base + benzoic acid. All solutions were 1 /200 n; the solvent 
was acetone. 

Pseudo-base portions from one solution of pure base, 5 ccm for each 
system. 

Benzoic acid from different solutions, 5 ccm for each system. 

The given amounts of basic and acid solutions were mixed in the 
conductivity vessels and the conductivity measured from time to time. 
(Table I). The curves are but little different (Fig. I): 



‘fiJiir * so Jo <c so in 

Fig. I. 

Curve /\ 1/200 n crystal violet base 2-0.10—7 with 1/200 n benzoic acid 3-7.10—7 
x „ „ „ „ 1/200 n „ „ 3-7.10-7 

+ „ „ „ „ 1/200 n „ „ 4-1.10—7 

O „ „ „ „ 1/200 n „ „ 6-0.10-7 


Pseudo-base from different soutions of the same sample. 

Benzoic acid portions from one solution of pure acid. 

The same amounts (5 ccm) of basic and acid components were mixed 
under the same conditions as in the former experiment. The values 
of the conductivity after certain times are shown in table II. Com¬ 
paring the curves considerable differences can be observed (Fig. II). 

The different base solutions, characterised by various conductivities, 
are rearranged with different velocities by the same solution of benzoic 
acid. After 40 hours the values of the conductivity were: 


From the base with spec, cond.: 

>> 99 99 99 99 

99 99 99 99 99 99 

99 99 n t* f* it 


3-4 . 10-’ 
2-5 . 10- 7 
5-2 . 10-7 
17-3 . IQ- 7 


3-37 . 10— 5 rec. ohms 

3- 76 . 10— 5 „ 

4 - 00 . 10“ 8 „ 

4-39 . 10- 8 „ 
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The reason of such behaviour is not clear. The above mentioned 
values seem to suggest (the values of the second line are contradictory 
to it), that base solutions of higher conductance would be able to 
rearrange quicker than those of a lower one. As the higher conductance 
of the base solutions is most probably caused by the presence of 
a larger amount of carbonate it would mean that the reaction of 
rearrangement is catalysed by the cation of crystal violet. Experiments 
performed on base solutions with intentionally increased conductance 


sQfO 5 



Fig. If. 

Curve 1. 1/200 n crystal violet,base 3-4.10 - 7 with 1/200 n benzoic acid 1*8.10— 7 

2. 1/200 n „ „ „ 2*5.10— 7 „ 

3. 1/200 n „ „ „ 5*2.10-7 „ 

4. 1/200 n „ „ „ 1*7.10-7 „ 

(by absorption of C0 2 ) showed that this explanation cannot be true. 

1/200 n base solution (spec. cond. 3*7.10~ 7 rec. ohms) was saturated 
with C0 2 from magnesium carbonate. The solution, first slightly colour¬ 
ed, deepened in colour during the process till after 8 hours it showed 
a strong violet tinge: conductance 7*43.10"“ 8 , After having stood in the 
conductivity vessel at 25° for 46 hours a maximum of 9*32.10— 6 was 
reached. 

Base solution so prepared was compared with pure base solution 
regarding its power of Joeing rearranged by the same quantity of 
benzoic acid (Table HI). As the following fig. Ill shows, the difference 
between the two courses of reaction is not considerable: 

We concluded, that presence of C0 2 (i. e. carbonate of the base of 
crystal violet) does not influence essentially the course of the reaction. 
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Fig. III. 

Curve 1. 1/200 n crystal violet base with C0 2 -f 1/200 n benzoic acid 

2. 1/200 n crystal violet base without C0 2 -f 1/200 n benzoic acid 

For the time being we had to give up the hope of obtaining absolu¬ 
tely reproducible results. Systems set up of components from the same 
solution portions showed identical courses of reaction (Table IV, fig. IV): 



1i hi-i io is 20 30 4o 


Tmtmhtvn 

Fig. IV. 

Curve I (-f, °) 1/200 n crystal violet base with 1/200 n maleic acid 
II (-f, °) 1/200 n crystal violet base with 1/200 n acetic acid 

As a first application of the method we examined the simple fatty 
acids with even numbers of C up to C )8 , the saturated di-carboxylic 

*) the first three figures on the left should read, from above: 1*6.10~*, 
1-5. IO - *, 1-4.10~*. 
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acids up to C 5 , and also furaaric and maleic acid as to their power 
of transposing the pseudo-base of crystal violet into real base. Com- 



Time m hours 


Fig. V. 

Curve I—III. 1/200 n Crystal violet base + 1/200 n Fatty acids 

IV. 1/200 n Crystal violet base -f 1/200 n Benzoic acid 

V. 1/200 n Crystal violet base + 1/200 n Glutaric acid 

VII. 1/200 n Crystal violet base -f 1/200 n Fumaric acid 

VI. 1/200 n Crystal violet base 4- 1/200 n Succinic acid 

VIII. 1/200 n Crystal violet base + 1/200 n Maleic acid 

IX. 1/200 n Crystal violet base 4- 1/200 n Malonic acid 

X. 1/200 tt* Crystal violet base 4- 1/200 n Oxalic acid. 

paring the steepness of the curves in fig. V (table V) with the well 
known dissociation constants of the acids we did not find perfeot 
parallelism: 



increasing values of K at t = 25°: 


Classified by the 

steepness of the 
conductivity curve: 


oxalic acid 

oxalic acid 

3-5 .10- 8 

malonic ,, 

maleic ,, 

1-3 .10 ^ 

maleic ,, 

malonic „ 

0-16.10- 2 

fumaric „ 

fumaric ,, 

0-1 .10-8 

succinic ,, 

benzoic ,, 

6-7 .10- s 

benzoic ,, 

succinic ,, 

6.6 .10-5 

glutaric „ 

glutaric ,, 

4-7 .10-5 

acetic „ 

acetic „ 

1-8 .10-* 


Fig. V shows the discrepancy still better, if we consider the quanti¬ 
tative side of the matter: in spite of nearly the same values of K the 
curves of benzoic acid and succinic acid are very divergent. Malonic 
acid and fumaric acid differ little as regards their K, but very much 
in their power of transposing the pseudo-base into real base. 

This lack of parallelism with the course of K is not very surprising. 
The dissociation constants are calculated on the basis of the conducti¬ 
vity of water solutions, whereas here acetonic solutions are used. As a 
general characteristic of acids the dissociation constant has lost much 
of its importance especially in view of the work of A. Hantzsch. 2 ) 

We must still remark that the di-carboxylic acids were used in half 
molecular solutions. How the second carboxyl group functions can be 
established only by further experiments with molecular quantities of 
the acids and their acid esters. 

A comparison of the carboxylic acids with the acid nitroderivatives 
regarding the transforming power shows, that even oxalic acid does 
not reach the efficiency of hexanitro-diphenylamine: for the system 
hexanitro-diphenylamine + crystal violet base gives instantaneously 
a maximum of conductivity. 

Where considerable differences exist between the transforming powers, 
this method of comparing substances by such conductivity curves 
is satisfactory. A greater degree of exactness could be reached, if true 
reaction curves could be plotted. These conductivity curves are di¬ 
rected by the quantity of the salt formed and by the conductance 
of this salt in relation to the dilution. Therefore a conductance- 
dilution curve should be subjoined to every such conductivity curve 

*) A. Hantzsch, Theorie der ionogenen Bindungals Grundlage der Ionen- 
theorie, Verlag Chemie 1923. 
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of reacting systems in order to read off the salt concentrations from 
the measured conductivity. From curves plotting the salt concentra¬ 
tions and time as coordinates, substances may be classified in cor¬ 
rect order even if only small differences exist in their powers of causing 
transposition. 

By such considerations the method would be, of course, considerably 
complicated. 


Experimental part. 

As solvent acetone was used. We purified it until the conductance 
was about 3—5.10— 7 . To go farther is not very advisable as such highly 
purified solvents are not stable enough to ensure a series of experiments 
being performed under the same conditions. We prepared a large 
quantity of it in order to carry out as many experiments as possible 
with the solvent from one preparation. 

We shook 3 l of acetone with 300 ccs of a concentrated caustic 
potash solution thus removing the alcohol and acids. After filtration 
we added potassium permanganate until the colour of it did not dis¬ 
appear even after prolonged shaking. Then we distilled. 

The fraction distilling at 55° was repeatedly dried over and distilled 
from CaCl 2 . 

Conductance: 

Portion I. 3*5.10~ 7 
II. 4*0.10~ 7 
,, III. 4*4.10— 7 

„ IV. 4 9.10— 7 

Acetone, thus prepared, kept in well closed flasks and protected 
from light, is quite stable regarding its conductivity. Frequent opening 
of the flask and exposure to light seem to increase the conductance 
since we noticed a rise of it by 1—2.10~ 7 . 

The base was prepared from Michler’s ketone and dimethylaniline 
by means of phosphorus oxychloride, and purified by repeated crystal¬ 
lisation from acetone and gasoline. A preliminary check on the purity 
was taken by measuring the melting point which rose during the 
operation from 180° to 216°. The colour of the substance was white, 
but when exposed to the air for a short time it turned slightly blue. 
We conserved it, therefore, in sealed glass vessels. Crystallisation from 
alcohol gave a pure white substance, but lowered the melting point — 
most probably because of a partial etherification. 
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The acids were crystallized repeatedly from water or organic solvents 
up to constant weight and dried in vacuo at 60°. The fatty acids with 
even numbers of C'-atoms were distilled in vacuo until a fraction 
distilled at constant temperature. The higher members of the series 
had to be dissolved in water and alcohol after the last distillation. 

In measuring the increase of conductivity of the separate systems 
we proceeded as follows: 

The solutions were 1/200 n . 5 ccs of the base solution were mixed 
with 5 ccs of the acid solution in the conductivity vessel. This was 
well closed and kept at 25°. From time to time the conductance was 
measured. 

The curves generally took their course without cutting one another. 
We noticed an exception with the system fumaric acid + base. After 
a certain time its curve cut across the curve of the system succinic 
acid + base. This could be easily explained: during the reaction the 
fumarate of the base precipitated, and so lowered the conductivity 
of the system by gradually diluting the solution. 

The curves of the systems with the fatty acids from C\ up to C lg 
are between I and II (Fig. V) whereby I signifies the system with 
stearic acid and II the system with butyric acid. 

We investigated the whole series of the mentioned fatty acids several 
times, and established that the conductivity curves lay lower and 
lower on the graphs with increasing purity of the acids. The order 
of the curves was normal: the higher the molecular weight the lower 
the curve. Here we do not give the values for each curve and each 
experiment, for we believe that errors are very probable because of 
the generally low conductance of systems combined from crystal violet 
base and these acids. The differences between the separate acids are 
too small. We only quote the conductivities of the 1/200 n solutions 
of the acids in acetone and those reached by the systems after 1800 mi¬ 
nutes: 


Acid 

Conductivity 
of the acid 1/200 n 
in acetono 

Conductivity 
of the systems with 
crystal violet base 
after 1800 min. 

Acetic 

1-7.10~ 7 

7-80.10-« 

Butyric 

5-3.10- 7 

5-21.10-o 

Caproic 

2-9.10- 7 

4-96.10-« 

Caprylic 

5-9.10- 7 

4-80.10-« 

Capric 

3-6.10- 7 

4-53.10~« 

Laurie 

5-2.10- 7 

4-53.10~» 
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Acid 

Myristic 
Palmitic 
Stearic 

Table I. 

System: crystal violet base from one solution with benzoic acid from 

different solutions. 

Temperature: 25°,conductivity of the acetone: 6*7.10~* 7 ,conductivity 
of the crystal violet base 1/200 n : 2*0.10~“ 7 . 
Conductivity of benzoic acid 1/200 n in system: 



A 3-7.10~ 7 

B 3-7. 

. 10— 7 

C 4-1.10— 7 D5-0.10- 7 

Opacity of 







athe vessels 

0*2630 

0*1928 

0-2303 

0-2435 


A 

B 



C 


D 

Time in 

Conduct. 

Time Conduct. 

Time 

Conduct. 

Time 

Conduct. 

minutes 

X 10 5 

min. 

x 10« 

min. 

X 10 s 

min. 

X 10* 

1 

0-09 

2 

0-09 

1 

0-07 

2 

0-14 

37 

0-61 

46 

0-75 

53 

0-89 

10 

0-30 

55 

0-83 

64 

0-94 

71 

Ml 

85 

1-20 

78 

107 

87 

118 

93 

1-38 

98 

1-32 

121 

1-47 

132 

1-59 

141 

1-78 

120 

1-51 

227 

213 

236 

2-25 

243 

2-37 

169 

1-89 

278 

2-34 

287 

2-44 

294 

2-56 

270 

2-41 

415 

2-72 

426 

2-76 

435 

2-89 

321 

2-57 

652 

2-98 

661 

3-06 

668 

3-16 

464 

2-87 

1121 

3-35 

1131 

3-41 

1138 

3-51 

695 

3-16 

1265 

3-44 

1277 

3-50 

1286 

3-59 

1165 

3-52 

1466 

3-53 

1474 

3-58 

1481 

3-69 

1315 

3-69 

1629 

3-62 

1637 

3-65 

1645 

3-76 

1508 

3-69 

2237 

3-84 

2247 

3-90 

2256 

3-99 

1673 

3-76 

2621 

3-97 

2632 

403 

2640 

4-14 

2285 

3-98 

2902 

404 

2912 

411 

2920 

4-21 

2668 

4-10 

3112 

4-09 

3122, 

4-14 

3130 

4-27 

2948 

4-20 

4107 

4-30 

4117 

4-31 

4125 

4-49 

3158 

4-22 

4402 

4-30 

4412 

4-34 

4420 

4-51 

4153 

4-43 







4448 

4-46 

Points marked on fig. I: 

for A A, B 

x, C +, 

D O. 



Conductivity 
of the acid 1/200 n 
in acetone 

2*1.10- 7 
2*2.10- 7 
2-9.10- 7 


Conductivity 
of the system-s with 
crystal violet base 
after 1800 min. 

4*46.10~« 
4*04,10“^ 
4*00.10~~® 
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Table II. 

Systems: Crystal violet base from different solutions with benzoic acid 

from one solution.*) 


Temperature: 25°, conductivity of the acetone: 5-2.10— 7 , conductivity 
of benzoic acid 1/200 n : 1-8.10— 7 
Conductivity of the crystal violet base 1/200 n in the system: 



A 

3*4.10— 7 

B 2-5. 

10~ 7 

C 5-2.10- 

7 I) 

1-7.10— 6 

Capacity of 







the vessels 

0*2435 

0-1928 

0-2770 


0*2303 


A 

B 



C 


D 

Time in 

Conduct. 

Time 

Conduct. 

Time 

Conduct. 

Time* 

Conduct. 

minutes 

x 10 fi 

min. 

X 10 s 

min. 

> 10* 

min. 

x 10* 

1 

0-09 

1 

0*00 

1 

0-06 

1 

0-14 

2 

0-10 

4 

(Ml 

9 

0-23 

5 

0-23 

12 

0-24 

33 

0*49 

57 

0-84 

54 

1-02 

70 

0-82 

85 

1-03 

113 

1-41 

86 

1-46 

91 

101 

\m 

1-78 

210 

2-15 

222 

2*64 

108 

1*17 

400 

2-49 

433 

2*76 

344 

3*05 

241 

1*88 

950 

3-01 

977 

3*22 

615 

3-55 

282 

2*07 

1185 

3-18 

1509 

3-63 

717 

3-57 

505 

2*37 

1574 

3-36 

1600 

3-64 

1261 

3*94 

733 

2*59 

2431 

3.81 

2457 

3-99 

1793 

4*20 

1277 

2*87 





1881 

4*21 

1502 

2*94 





2735 

4*69 

1810 

3*14 







1893 

3-15 








In fig. IT curves marked with 1 correspond to the system A , with 
2 to B , with 3 to with 4 to l). 


Table 111. 

Systems: Benzoic acid and crystal violet base, 
saturated with C0 2 and pure. 

Temperature: 25°, conductivity of the acetone: 4-9.10— 7 . 
Conductivity of the benzoic acid: 8-0.10— 7 . 

System 1: crystal violet base with C0 2 , conductivity 7*92.10- 8 . 
System 2: crystal violet base without CO t , conductivity 3-6.10— 7 . 
Capacity of the vessels: 1:0*2435 — 2:0-1928.**) 

*) The solutions A, B and C were made from one sample of pure base. 
**) Continuation of the table see on p. 329. 
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1 . 2 . 


Tim© in 

Conduct. 

Time in 

Conduct. 

minutes 

x 10* 

minutes 

x 10* 

1 

0*48 

2 

0*10 

6 

0-57 

11 

0*24 

12 

0*67 

41 

0*78 

32 

1*00 

134 

1*88 

135 

2*15 

752 

3*74 

160 

2*33 

835 

3*87 

300 

3*15 

975 

4*52 

875 

4*09 

1790 

4*79 

1110 

4*32 

2077 

4*87 

2315 

4*99 

2370 

4*87 


In fig. IIJ the curve 1 corresponds to the system 1 and the curve 2 
to the system 2. 


Table IV. 

Reproducibility of the results by using the same solutions for setting 

up the systems. 

Temperature: 25°. 

System 1: crystal violet base and maleic acid, 

conductivity of the acetone: 4*8 . 10“ 7 , 
capacity of the vessel: 0*2630, 
conductivity of the crystal violet base: 2*8 . 10~ 7 , 
conductivity of the maleic acid 1/200 n : 2*1 . 10- 6 . 

System 2: crystal violet base and acetic acid, 

conductivity of the acetone: 4 0.10~ 7 , 
capacity of the vessel: 0*2435, 
conductivity of the crystal violet base: 4*2 . 10~ 7 , 
conductivity of the acetic acid 1/200 n: 1*7 . 10~ 7 . 


1 . 2 . 


Time in 

Conduct. 

Time in 

Conduct. 

Time in 

Conduct. 

Time in 

Conduct. 

minutes 

x 10* 

minutes 

x 10 4 

minutes 

x 10« 

minutes 

X 10« 

1 

1*50 

1 

1*44 

o 

0*36 

1 

0*22 

2 

1*51 

2 

1*49 

13 

0*63 

10 

0*63 

11 

1*56 

3 

1*51 

36 

0*88 

22 

0*70 

15 

1*56 

5 

1*52 

128 

2*11 

67 

1*49 

57 

1*56 

7 

1*54 

352 

3*97 

220 

3*11 

106 

1*57 

33 

1*56 

516 

5*16 

360 

4*43 


23 * 
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1 . 


Time in Conduct. Time in Conduct. 


minutes 

x 10* 

minutes 

x 10 4 

310 

1-60 

70 

1*56 

518 

1-60 

215 

1*58 

999 

1-60 

388 

1*59 

1196 

1-60 

1020 

1*59 


2 . 

Time in Conduct. Time in Conduct. 


minutes 

x 10* 

minutes 

x 10‘ 

766 

6-37 

685 

6-08 

1160 

716 

1250 

7-22 

1567 

7-58 

1502 

7-65 

1890 

7-82 

1761 

7-82 

2160 

7-85 

1904 

7-82 



2038 

7-88 



2193 

7-88 


On fig. IV the points of curve 1 marked with + correspond to 
the first column of system 1, those marked with O to the second 
column. The same concerns also curve 2 and the system 2 respectively. 


Table V. 


Systems: Crystal violet base and several organic acids. 
Temperature: 25°. conductivity of the acetone: 4-8 . 10— 7 . 
Conductivity of the crystal violet base 1/200 n : 2*8 . 10~ 7 .*) 
Conductivity of the acids (1/200 n): 


Acetic acid 1*7 . 10— 7 
Benzoic acid 1-8 . 10— 7 
Glutaric acid 10*9 . 10~ 7 
Succinic acid 7*4 . 10" 7 

(Table see 


Fumaric acid 7*3 . 10~ 7 
Maleic acid 21*5 . 10— 7 
Malonic acid 15*9 . 10- 7 
Oxalic acid 19*7 . 10~~ 7 

page 328.) 


The curves in fig. V are plotted from these values. 


Received , March 1933 . 

The Organic Laboratory of the Chemical Institute , 
The King Alexander University , Ljubljana , Jugoslavia. 


*) The systems with acetic and benzoic acid were set up with crystal violet 
base solution of the conductivity 4*2 . 10 7 and 3*4 . 10 7 respectively. The 
differences in the effects are, however, so great, that the inexactness, caused 
by the use of different base solution, cannot be considerable. 



MOLECULAR COMPOUNDS IN LIQUID STEEL AND THEIR 
INFLUENCE ON THE DEOXIDATION EQUILIBRIA 

by P. HERASYMENKO and F. POBOfilL. 

1. Introduction. 

Owing to great experimental difficulties encountered in the investi¬ 
gation of the equilibria at high temperatures very little is known about 
the true nature of liquid metallic solutions, especially of liquid steel. 

Recently Y a p C h u - P h a y *) has shown that the course of the liquidus- 
solidus curves in the Fe-C-system can be explained by assuming that 
the liquid solution of carbon in iron contains this element at low con¬ 
centrations of carbon in the atomic form and at concentrations above 
approximately 0*5 percent C as iron carbide molecules. 

However, the conclusions arrived at by Yap Chu-Phay can be 
accepted only as a rough approximation. 

Most probably there is no sharp boundary between the solutions 
with a low and a high content of carbon and the true state of affairs 
can be more correctly described by assuming that carbon in liquid 
iron forms iron carbide moleculos which are at a low content of carbon 
to a great extent dissociated in atoms of iron and carbon. 

Some experimental evidence to this point was given by H. Schenck, 
W. Riess and E. O. Bruggemann 2 ) who have investigated the 
rate of carbon elimination in the open-hearth furnace, 

Intending to present a more detailed study of the equlibria in the 
Fe-C-system in a future paper, we wish to discuss in the present 
communication the equilibria in the Fe-Si-O- system. 

The equilibrium diagram of the Fe-8i -system suggests that silicon 
is present in liquid iron in the form of iron silicide, FeSi, because 
this compound melts congruently. 

We have investigated the course of the liquidus-solidus curves 
in the Fe-Si- system in the vicinity of the melting point of iron by 
applying the same thermodynamic method as was used by Yap 
Chu-Phay. The experimental data bearing on this system were 
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recently compiled by M. G. Corson. 3 ) Our calculations show that 
silicon cannot be dissolved in liquid iron as atomic silicon only, 
but that it should be to a great extent combined with iron as 
a silicide. The assumption that this silicide is FeSi proves to be 
the most probable one. 


2. Influence of iron silicides on the deoxidation 
equilibrium 2 FeO + Si 2 Fe + Si0 2 . 


Experimental data on the equilibrium 

2 FeO + Si m 2 Fe+ Si0 2 are very scarce. 


The constant of this reaction 

K (M°2)AE e L 

Sl “ (FeO ) 2 . [Si] 


an 


could not be directly determined, because there are no methods 
for quantitative determination of free silica in the slag and of free 
atoms of silicon in the metal phase. 

Several attempts have been made to determine the value of the 
product 

Ksi = [FeO ] 2 . [2Si] (2) 


by measuring the concentrations of FeO and of total silicon in the 
liquid iron. 

The expression (2) can have a constant value only at certain con¬ 
ditions. As is seen from the equilibrium diagram of the FeO-Si0 2 
system (See Fig. 1) the slags containing approximately 60 per cent of 
silica are in equilibrium with solid silica at temperatures observed in 
the manufacture of steel. In this case we have in equilibrium four 
phases with three components: 

a) liquid solution of FeO , and silicon in iron, 

b) slag containing SiO z , FeO and their compounds, 

c) solid silica, 

d) vapour phase. 

In this equilibrium the content of [2Si] or of [FeO] is uniquely 
determined by the temperature and therefore the product 
[FeO ] 2 . [JKSi] should be constant at a constant temperature. 


*) In this equation as well as in the following formulae square brackets denote 
the concentrations of substances dissolved in metal phase, the round ones signify 
the concentrations in slag. The total (analytically determined) concentrations 
are denoted by 2 (e. g. (2'SiO t ), [2’£i]) ? whereas the concentrations of free 
atoms or molecules arc written without this sign. 
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The experimental data by C. H. Herty and collaborators 4 ) very 
nearly correspond to the condition expressed above, because these 
authors have evaluated the product K'si by measuring the concentra¬ 
tions of FeO and 2Si in the iron which was in equilibrium with inclu¬ 
sions saturated with silica. The results obtained by these authors are 
compiled in Table 1. 



Fig. 1, 

It has to be noted that the metal contained a certain, although very 
small concentration of manganese which — as will be shown below — may 
have an influence on the value of product K’si. It is due to the latter 
fact that the values obtained by Herty show a tendency to increase 
with increasing content of manganese. 


Table 1. 

Experiments by C. H. Herty. 


Expt No 

f-TAfnJ 

% 

I-SWI 

% 

\FeO | 

% 

A'",. --|FeO] a [2’«l>; 10‘ 

Q — 16 — 2 

0075 

0-032 

0-056 

0-99 

F —22 

0-097 

0-060 

0-044 

1-14 

F—19 

0-083 

0-071 

0-049 

1-71 

F — 20 

0-087 

0-114 

0-038 

1-59 

F — 21 

0-084 

0-115 

0-041 

1-95 

Q— 17 

0-093 

0-138 

0-038 

1-93 

8—\4t 

0-180 

0-029 

0-087 

2-20 

T — 10 

0-196 

0-091 

0-054 

2-37 

T — 11 

0-194 

0-029 

0-058 

0-98 ? 
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The experimentally determined product K'm = [FeO]*[HSi] must 
considerably differ from the true constant Km = [FeO]*[$i], because as 
we have shown above the concentration of atomic silicon, [Si], can be 
much smaller than the total content of silicon, [2ZSi], 

The total content of silicon is given by the expression: 

r2»i]= [Si]+f t [FeSi] (3) 

where f x is the stoichiometric factor and [FeSi] represents the concen¬ 
tration of iron silicide. 

The concentration of iron silicide according to the mass action 
law is 

[FeSi]^ K (Fe m)[Si]. [Fe] (4) 

From equations (2), (3) and (4) we obtain 

K'h - r FeOY[ZSi]= [FeOf[Si]{ 1 + A K FeSi |Fe]} (5) 

Since at low total content of silicon the concentration of iron in the 
melt can be considered as practically constant, we may write 

{1 + f 1 K (FvS i)[Fe]} - A - const. 

and 

Km - [FeOf . f 2Si] = K'm . A (5a) 

It follows from the latter equation that the true deoxidation constant 
K'm is A times smaller than the empirically determined value of the 
product [FeOf[ZSi\ 

This circumstance can at least partly explain why the value of the 
empirical product [FeO~\ 2 [2Si~\ as found by Herty is of a different 
order of magnitude in comparison with the vahie of the product 
[FeO] 2 [ZSi] calculated from the third law of thermodynamics on the 
assumption of atomic silicon in the melt. 5 ) 

3. Deoxidation equilibria in the presence of silicon and 

manganese. 

Let us consider the case when liquid steel containing manganese, 
silicon and iron oxide is in equilibrium with solid silica and a slag 
containing iron oxide, manganese oxide and silica. This case corresponds 
to bivariant changes in the system in which the independent variables 
are e. g. the temperature and the content of silicon. At a constant 
temperature the concentration of all molecular species in the metal 
as well as in the slag is in this case uniquely determined by the content 
of silicon. It is, however, easy to show that the value of the empirical 
product K'm~ [FeO] a [2Si] will not be constant if the formation of 
manganese silicides takes place in the liquid steel. 



335 


Let the interaction between manganese and silicon in the liquid 
metal be generally expressed by the following reaction: 

xMn+Si Mn x Si, 
the equilibrium constant K^,i r si being 


„ _ [MnJJi] 

- [Mn YYSi I 

The total concentration of silicon is then 


(«) 


[2St ) = [«]+/, [FeSi]+ f 2 [Mn x Si] 

where f Y and / 2 are stoichiometric factors. 

The empirical product K'm (for the case when the slag is saturated 
with silica) is: 

K'si - \Fe()f[lSi\ - 

- [FeOflSi] {1 + A . AW; . [Ac J + / 2 . } = 

" -f / 2 . . [Jlfn-}*} (7) 

The latter expression shows that the empirical product [FeO] 2 [2VS T i] 
will be greatly influenced by the manganese content. 

In preceding chapters it was found that the concentration of the 
free (atomic) silicon in liquid steel can be of a lower order of magnitude 
than the total concentration of silicon. Therefore, it has to be expected 
that only a very small portion of manganese present in liquid steel will 
be bound in silicide so that we may put in the formula (7) instead of 
[Mn\ the total (analytically determined) concentration of manganese, 
[2Mn]. 

The dependence of the product, Ksi = [Fe()] 2 [2Si | on the concen¬ 
tration of manganese can be determined by studying the equilibria in 
the acid open-hearth furnace, because in that furnace the slag tends 
to equilibrium with the acid lining (solid Si0 2 ) and with the metal con¬ 
taining FeO, Mn and Si. 

There are not many measurements of this kind reported in literature 
which can be used for the verification of our formula (7). The results 
by Herty and co-workers (see Table 1) seem to confirm our formula 
(7) in so far as they indicate an increase of the product Ksi with 
increasing manganese and silicon. A somewhat more reliable data on 
the reactions in the acid-open hearth furnace were published recently 
by P. Bardenheuer . 6 ) Unfortunately this author has not stated the 
temperatures so that we have to make only a guess in this respect, by 
assuming that the temperature in the acid open hearth furnace at the 
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end of the melting period was approximately 1630 ± 15° C, which cor¬ 
responds to usually observed temperatures.*) P. Bardenheuer has 
adduced the diagrams of two acid heats in which no additions to the 
bath were made during the last hours of melting. The analytical data 
derived from these diagrams are given in Table 2. 



04 02 03 04 05 


V.Mn 

Fig. 2. 

• Herty’s experiments. ° Bardenheuer’s experiments. 



*) It has to be expected that the equilibrium constant of the reaction 2 FeO -f- 
Si 2 Fe -\~SiOi will be much influenced by temperature changes because the 
heat of this reaction is very large. 
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The values of K$i obtained by Herty (Table 1) and derived from 
Bardenheuer’s diagrams are plotted in the diagram, Pig 2. against 
the manganese content. 

The dependence of the empirical product K'st on the concentration 
of manganese is quite evident from this diagram. Thus, we may regard 
that our formula (7) is essentially correct. This dependence is approxim¬ 
ately exponential which fact also agrees with expression (7). 

The experimental results adduced in our diagram do not allow to 
make exact conclusions as to the value of the exponent x in formula 
(7) because we 3o not possess the temperature data. It is evident, 
however, that x is either 2 or 3. 

The semi-quantitative agreement of our deductions with the observ¬ 
ed facts permits us to draw the following conclusions which are of 
importance for the theory of equilibria between liquid steel and acid 
slags: 

1. Silicon dissolved in liquid steel is to a great extent bound into 
silicides of iron and manganese; 

2. only atomic silicon takes direct part in deoxidation equilibria, 

3. at a constant total content of silicon the concentration of free 
(atomic) silicon decreases with increasing concentration of manganese 
according to the mass action law r , and, therefore, 

4. the deoxidising effect of silicon in liquid steel containing manga¬ 
nese is considerably lower than in steel without manganese. 

As an illustration of the latter conclusion may serve the values for 
the content of FeO (0 2 ) in acid steel as reported by P. Bardenheuer. 
The heat which contained a lower manganese content (0*20% Mn) 
showed at the end of melting period on average a low r er content of iron 
oxide in the metal than the heat with higher content of manganese 
(0*36% Mn), although in the latter case the content of total silicon 
was higher. 

Our theory allows also to make a further important conclusion, viz. 
that the acid steel will reduce the more silicon from the slag the higher 
is the manganese content in the metal bath. This phenomenon was 
experimentally observed by F. Perrin, 7 ) who found that when a steel 
of approximately equal initial content of iron oxide and silicon is 
vigorously stirred with a synthetic acid slag composed of silica and 
lime, the metal takes up the more of metallic silicon from the slag the 
higher is the concentration of manganese in the metal. 
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Summary. 

By applying thermodynamic treatment to the iron-silicon system 
it was found that the assumption of the existence of iron silicide in 
liquid steel does not contradict the course of the liquidus solidus curves 
in the vicinity of the melting point of iron. 

Only free (atomic) silicon present in liquid steel (in equilibrium with 
iron silicide) takes direct part in the deoxidation processes. On the 
addition of manganese to the liquid steel the concentration of atomic 
silicon further decreases owing to the formation of manganese silicide 
of the general form Mn T Si. The probable value for a: is 2 or 3. 

Therefore the deoxidation effect of silicon in liquid steel containing 
manganese is considerably lower than in steel without manganese. 

This theory is well supported by the experimental results of P. Bar- 
denheuer, 0. H. Herty and P. Perrin. 

Received July J4 th, 1933. 
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THE SOLUBILITY OF CALCIUM IODATE IN WATER AND IN 
AQUEOUS SOLUTIONS OF SOME ELECTROLYTES 

by J. B. CHLOUPEK, VL. Z. DANES and B. A. DANESOVA. 

In one of our previous publications 1 ) we studied the valency effect 
of the ions of strong electrolytes on the activity of cerium iodate in 
aqueous solution. We resume shortly our results thus: 

The to-day theory of strong electrolytes is not comprehensive enough 
as yet to explain rigidly quantitatively the experimental results in 
cases where there coexist in aqueous solution the salts of the assym- 
metrie type and of higher charged ions (in our own case, the (3:1) 
salt, cerium iodate, and the (1: 2) salt, potassium sulphate). From 
theoretical reasons the knowledge is desirable how far goes the in¬ 
fluence of the high charge, and if the anomalies observed could be 
encountered also in the case of lower-valency ions. This reason led us 
to determine the solubility of calcium iodate in the solutions of the 
same electrolytes as in the paper already referred to. 

The preparation of materials. 

The calcium iodate was obtained by precipitating a solution of 
calcium chloride with a cold dilute solution of potassium iodate. The 
calcium chloride resulted from calcium carbonate (Merck pro an.), 
dissolved in c. p. hydrochloric acid and purified according to the di¬ 
rections given in Archibald’s treatise. 2 ) The calcium iodate 
settled slowly out from dilute solutions mechanically agitated and 
formed a coarse crystalline precipitate. The salt was separated by 
suction filtration from the mother liquor, suspended in three times 
distilled cold water and left there 48 hours under continuous mechani¬ 
cal stirring. Then it was allowed to settle down, was decanted and the 
whole procedure was repeated eight times. This well-washed substance 
was then rassembled by suction on a large Jena-glass filtering funnel 
and freed from water adhering mechanically by a stream of dry air 
carefully purified from dust. A small portion of the resulting product 
was then prepared for analysis by further drying. 
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The mean of several determinations is: 

CaO .14-28 %, / 2 0 5 .85-04 %, 

whereas the theory demands: 

CaO .14-38% I 2 0 5 .85-62%. 

Further testing of this material convinced us that the slight diffe¬ 
rence to 100% was due entirely to remaining traces of water. 

The experimental procedure and the results . 

The saturating of the solutions, the sampling and filtration a. s. f. 
was carried out in the same manner as given in a preceding paper. 8 ) 
The working temperature was 0-005° C. The analysis of the 
samples was carried out by the iodometric weight titration. 

The previous investigators who gave the solubility values for cal¬ 
cium iodate hexahydrate in pure water at 21° and 35° C were F. My- 
lius and R. Funk. 4 ) The interpolated value for our chosen tem¬ 
perature is 0-36% or 9-3 millimols (anhydr. subst.). This value is 
decidedly too high as one can see from the more recent results of very 
careful measurements due to A. E. Hill and St. F. Brown. 5 ) 
They found in a series of experiments (the results obtained by reaching 
the equilibrium from the higher and the lower temperature differed 
only by 3 p. p. m.) 0-306% for the solubility of this salt at our chosen 
temperature. Our own result, presented as the mean from eight expe¬ 
riments both from “above” and from “below”, is this: 

the solubility of calcium iodate present in the solid phase as hexa¬ 
hydrate at 25-00° C is 0-303% of anhydrous substance, i. e. 7-773 mM > 
the mean deviation being 0-25 p. p. m. 

We shall give now directly our results of the solubility determina¬ 
tions of this salt in aqueous solutions of several electrolytes. 


Table I. 


KNO, 

Solubility 

Total ionic 

Number 

M 

mM 

< 7 / 1000 g H t O 

strength 

of det. 

0 (Hfi) 

7-7731 

3-031 

0-02332 

8 

0-005 

8-0132 

3-125 

0-02904 

3 

0-01 

8-2200 

3-207 

0-03464 

8 

0-02 

8-6977. 

3-393 

0-04609 

8 

0-05 

9-4761 

3-695 

0-07843 

4 

0-1 

10-522 

, 4-102 

0-13157 

8 

0-2 

11-987 

4-677 

0-23596 

4 

0-5 

15-032 

5-861 

0-54510 

4 
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Table 2. 


K,SO, 

Solubility 

Total ionic 

Number 

M 

mM 

0/1000 g H 2 0 

strength 

of dot. 

0 002 

8-1949 

3196 

0-03059 

6 

0005 

8-6886 

3-389 

0-04107 

4 

001 

9-4014 

3-666 

0-05820 

4 

002 

10-5283 

4-108 

0-09159 

3 

005 

13-0165 

5-077 

0-19205 

6 

01 

16-130 

6-290 

0-34839 

8 


Table 3. 


MgSO € 

Solubility 

Total ionic 

Number 

M 

mM 

g' 1000 g H t O 

strength 

of det. 

0-002 

8-254 

3-219 

0-03276 

4 

0-005 

8-709 

3-397 

0-04613 

4 

0-01 

9-394 

3-663 

0-06818 

6 

0-02 

10-489 

4-090 

0-11147 

6 

005 

12-698 

4-952 

0-23809 

8 

01 

14-794 

5-768 

0-44440 

8 


Table 4. 


MgCl, 

S o 1 u b j 

ility 

Total ionic 

Number 

M 

mM 

g '1000 g H t O 

strength 

of det. 

0-002 

8-002 

3-121 

0-03001 

4 

0-005 

8-367 

3-262 

0-04010 

4 

0-01 

8-830 

3-444 

0-05649 

4 

0-02 

9-585 

3-736 

0-08875 

3 

0-05 

11-107 

4-331 

0-18332 

4 

0-1 

12-680 

4-924 

0-33789 

4 


The tabulated results represent the average of several (at least four) 
determinations, the maximal deviation being 1 p. p. m. The solubility 
of calcium iodate in solutions of potassium sulphate could be determin¬ 
ed with precision only up to 0*1 M K % SO v Above this limiting con¬ 
centration, the results were not independent on the quantity of the 
solid phase present. The reason for this anomaly was found to be the 
formation of a new salt phase, the syngenite , as one of us has proved 
elsewhere. 6 ) In all other cases, the solid phase was the calcium iodate 
hexahydrate, as was shown by test analyses. 
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Summary. 

This paper contains the solubility determinations of calcium iodate 
at 25 00° C in water and aqueous solutions of the following strong 
electrolytes: potassium nitrate, potassium sulphate, magnesium chlo¬ 
ride and magnesium sulphate, between the concentration limits 
0 002—0 1—0-5 M. 

The theoretical evaluation of the experimental results here published 
from the point of view of the now current theory of strong electrolytes 
will follow shortly. 

Received July 21st, 1933. 

The Institute of Physical Chemistry, 
Faculty of Chemico-technohgical Engineering 
of the C'eske Vysoke U(eni Technicki, Prague. 
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REMARQUE SUR 

la preparation des derives dij 1-phEnylnaphtalEne 

par V. VESEL? et F. STURSA. 

Le 1-phenylnaphtaleneaetepreparejmr R. Weiss et K. Woidicb , l ) 
ot eela soit par action du bromure de phenvlmagnesium sur le 1-ceto- 
t<$traliydronaphtalene (1-tetralone), soit en partant du bromure de 
1-naphtylmagnesium etdela cyclohexanone. Les produits d"addition* 
decomposes par lean, leur ont fourni les alcools correspondants. 
Oeux-ci ont 6te transformes, par distillation avec perte cFeau, en 
1 -phcmylnaphtalenes hydrogenes. La deshydrogenation de ees hydro- 
car bu res a ete operee par chauffage avec du soufre. 

Dans la nitration du 1 -phenylnaplitalene, We i s s et Wo i d i c h avaient 
obtenu un corps mononitre dont le groupe nitro se trouve, a leur 
avis, en position 5 ou 8. TLs ont ete amenes a cette opinion pour la 
raison suivante: Par reduction du corps nitre ils ont obtenu une amine 
qui, copulee avec la p-nitrophenyl-nitrosamine sodee, leur a donne le 
colorant azoique respectif. En r^duisant le colorant ils ont isole une 
diamine dont les proprietes ne repondaient pas a celles d’une ortho¬ 
diamine. Ils oroient Favoir demontre par l’observation que la diamine 
fournit un produit diacetyle normal et qu'ils n’ont pas reussi a la con¬ 
denser avec le glyoxal en quinoxaline. Les resultats de ces essais les ont 
conduit a attribuer a leur diamine la formule suivante: 

C\H, 

NH t | 

/\/ \ 


NH 2 

Toutefois, cette supposition est en contradiction avec les regies de 
substitution observties sur le noyau naphtalenique 2 ) et qui laissent 
pr^voir que la nitration du l-ph<5nylnaphtalene fournirait surtout le de¬ 
rive nitr£ en 4. Afin d’4claircir cette contradiction, nous avons repute 
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les essais de Weiss et Woidich, et nous avons r6ussi k d6montrer que 
le derive nitre, prepare par ees auteurs, possede reellement le groupe 
nitro en position 4. Quant a la diamine citee ei-dessus, nous avons re- 
eonnu qu’elle repond a la formule IV, car elle fournit, dans la conden¬ 
sation avec la phenanthrenequinone, la phenanthrazine V: 


n 



(\H S 

(\h 6 


/\/\ 

/\/\ 

\ -* 
\/ 

1 1 I 

\/\/ 

1 111 1 \ N0 

no 2 

NIICOCH , 

N HOOCH., 


CJU 

C,H b 


/\/\ 

I 1V ! I N/f 

\/\/ 2 

NIh 


/\/ 



En remplagant, enfin, dans le 4-amino- 1-phenylnaphtalene le groupe 
amino par le brome, en nous servant de la reaction de Sandmeyer, nous 
sommes arrives au meme bromophenylnaphtalene qu'avaient obtenu 
Weiss et Woidich lors de la bromuration du 1-phenylnaphtalene. 
Notre observation refute en meme temps Faffirraation de cos auteurs 
que la dite amine ne se laisse pas diazoter. 


Partie experimental©. 

I-Phdnylnaphtalene . — Get hydrocarbure a ete prepare de la fa$on de- 
orite par Weiss et Woidicli. Quant k la deshydrogenation du 3.4-di- 
hydro-1-ph^nylnaphtalene obtenu a partir du bromure de phenyl- 
magnesium et de la 1-tetralone, nous 1’avons operee au moyen de 
brome de la maniere suivante: 20 gr de dihydro-phenylnaphtalene 
(phenyldialine) dans 100 cc de chloroforme sont additionnes d ? une 
solution de 34 gr de brome dans le meme solvant. Le chloroforme est 
cliasse par distillation, et la dibromo-phenyldialine r&iduelle est 
ehauffee a 180—220° jusqu’a ce que le degagement de HBr ait cess6. 
La distillation fractionn^e du produit obtenu fournit 10 gr de phenyl- 
naphtalene, passant sous 10 mm Hg a 186—188°. 
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4-Nifro-l-pMnylnaphtatine II. — 10 gr de 1 -phenvlnaphtal&ne sont 
dissous dans 25 gr d’acide acetique anhydre; la liqueur refroidie est ad- 
ditionnee, goutte a goutte, de 7-5gr (2 y 2 mol.) d’acide azotique (d = 151). 
La nitration terminee, on chauffe a 50° au bain-marie pendant une heure. 
La solution refroidie abandonne le nitro-phenylnaphtalene que Ton 
cristallise d’abord dans l’aleool, puis dans la benzine de petrole (p. d’eb. 
100—110°). Le corps fond k 132°, ce qui concorde avec 1’observation de 
Weiss et Woidich. Rendement 5 gr. 

4-Amino-l~phd?iylnaphtal&ie. — Dans un melange chaud de 150 cc 
d’eau, de 4 cc d’acide acetique et de 30 gr de limaille de fer on introduit, 
par petites portions et avec agitation, 5 gr de nitrophenylnaphtalene 
en poudre. Apres 2 heures de chauffage la reduction est terminee. On 
alcalinise par addition de Na 2 C (, on separe le precipite par essorage. 
et on Fepuise plusieurs fois par Falcool. L’aleool est chasse, Famine 
residuelle est cristallis^e dans la benzine de petrole (p. d’eb. 80—100°). 
Le corps est en aiguilles incolores fondant a 73—74°. Le sulfate et 
rhydrobromure de cette amine sont pen solubles dans 1'eau. 

Le derive acetyle cristallise dans le melange acide acetique f benzene 
en lamelles fusibles a 167 -168° (d’apres W. et W. a 169—170°). 

Dosage d’azote sur Famine libre: 

Substance: 16*248 mgr , N 0 99 cc (24°, 741 mm). 

C lB H 13 N : Oalcule N 6-4%. 

Trouve N 6-6°/ 0 . 

3-Nitro-4-ac4tam ino-l-phe'nylnaphtalene III . — A une solution de 10 gr 
d ’ a ce t a m i no -ph 6n v lnaph talene dans 40 gr d’acide acetique anhydre 
on ajoute, goutte a goutte, 2-5 gr d'acide azotique (d ~ 1*51), en ne 
laissant pas la temperature depasser 30°. Le corps depose apres refroidis- 
sement est cristallise dans Faloool. II est en aiguilles minces, jaunatres, 
fusibles a 207—208°, peu solubles dans Falcool, dans le benzene, dans 
l’acide acetique anhydre et dans l’acetate d’ethyle. Rendement 8 gr. 

Dosage d’azote: 

Substance: 17-992 mgr , N 1*49 cc (20°, 735 mm). 

C lB H u 0 2 N 2 : Caleule N 9P/ 0 . 

TrouvcS N 9 0°/ 0 . 

3-Nitro-4-amino-l~pMnylnaphtalene. — 5 gr de produit acetyle sont 
chauffes avec 80 cc d’alcool et 70 cc d’acide chlorliydrique concentre. 
La nitramine obtenue cristallise dans le benzene en lamelles orangees 
aplaties, fusibles k 151—152°, 


24 * 
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Dosage d’azote: 

Substance: 15*220 mgr, N 1*48 cc (20°, 740 mm). 

C lB H 12 0 2 N 2 : Calculi N 10*6%. 

Trouve N 10*8°/ 0 . 

3 . 4-Diamino-l-ph&nylmphtalene IV. — 13gr de nitramine dans 25cc 
d’alcool sont additional de 2*5 gr de SnCl 2 , de 8 cc d’acide chlor- 
hydrique concentre et d'nn morceau d’etain m^tallique. Le melange 
est chauffe jusqu ? & decoloration. La liqueur abandonne, apres refroidis- 
sement, le sel double stanneux qui est redissout dans l’eau et d£bar- 
rasse de retain par action de H 2 S et filtration du sulfure depose. 
Le filtrat abandonne, apres concentration, rhydroehlorure de la di¬ 
amine sous forme d’aiguilles incolores, ternissant au contact de fair. 
La diamine libre, obtenue a partir de rhydroehlorure sous Faction de 
la soude caustique aqueuse. est epuisee a 1’ether, le solvant est chasse, 
et le residu est cristallise dans la benzine de petrole (p. d'eb. 100—110°) 
avec decoloration a la carboraffine. On l'obtient ainsi en lamelles inco¬ 
lores, fondant a 100—101° et ternissant a fair. 

Dosage d’azote: 

Substance: 15*125 mgr , N 107 cc (21°, 736 mm). 

CvfluFt: Calcule N 12*0 f y o . 

Trouve N 12-2%. 

l-PMnylnaphtalenc-'1 . 4-phenazine V. — Une solution alcoolique de di¬ 
amine est additionnee de la quantite equivalents de phenanthrenequi- 
none dans l’acide acetique anhydre. Chauffee a rebullition, la liqueur 
laisse d<$poser sous peu un produit qui, recristallise dans la pyridine, 
forme de minces aiguilles jaunes, fusibles a 277—228°. La solution dans 
la pyridine presente une faible fluorescence. 

Dosage d’azote: 

Substance: 23*405 mgr , N 1*45 cc (19°, 742 mm). 

CwH iS N 2 : Calcule N 6*9%. 

Trouve N 7*0%. 

4-Bromo-l-phenylmphtalene. -L’hydrobromure de 4-amino-l-phenyl- 
naphtalene est dissous dans facide ac6tique, et la liqueur est diazot4e 
en presence de H^SOi . Le diazoxque est dedoubl£ au moyen de GuBr. 
Le corps obtenu cristallise dans ralcool en brillantes lamelles incolores, 
fondant k 76—77°. 
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Dosage de brome: 

Substance: 0 0602 gr, AgBr 0*0393 gr. 

C 16 H u Br : Calculi Br 28*24%. 

Trouve Br 27*78%. 

Labor afoire de Chimie organique 
a rficole Polytechnique, tcheque de Brno 
( Tche'codovaq u i e ). 

Bibliographic: 

*) Monatsh . 192/), 46 , 453. 

2 ) Voir Vosely et Jake§, Bull. Soc. chim . 1923, 35, 954. 



B. STEHLlK: 


BIBLIOORAPHIE DES BIBLIOGRAPHY 

PUBLICATIONS CHIMIQUES OF CZECHOSLOVAK 

TCHflCOSLO VAQUES.*) CHEMICAL PUBLICATIONS.*) 

E. Arnold: Essai d’objets reconverts de inetaux. Chem. listy 1933, 
27, 73. 

J. Baborovsky: Explication of some secondary effects in estimating 
the hydratation of ions. Chem. listy 1932, 26, 474. 

—: O hidrataciji iona. (tiber die Hydratation der Ionen.) Arh, za hemiju 
1932, 6, 77. 

—: Le 60ieme anniversaire de M. B. Kuzma. Chem. listy 1933, 27, 265. 
—: Modern chemical atomistics and some of their philosophical conse¬ 
quences. (A lecture.) Ceskd my si 1932, 23, 142. 

— and 0. Viktorin: Influence of parchment membrane on the trans¬ 
port numbers of cations in solutions of sodium and barium chlorides. 
Collection 1933, 5, 211. 

— and A. Wagner: Die elektrolytische Wasseriiberfuhrung in NaJ- 
Ldsungen. Die Rolle der Pergamentpapiermembran bei der Elektro- 
lvse der wasserigen Lbsungen von Alkali- und Erdalkalihalogeniden. 
Z. physikal. Chem. 1933, A 163, 122. 

B. Batik: Formation de 1’acide nitro-diazotoluene-sulfonique par 
action du sulfite de sodium sur les eaux de raffinage du trinitro¬ 
toluene. Chem. listy 1932, 26, 419. Compt. rend. 12 e congr. chim. ind. 
Prague 1932. 

F. Behounek: Messung des Radiums in Mineralen von geringem 
Urangehalt nach dem Verfahren der y-Strahlen. Z. Physik 1932, 
79, 583. 

*) Voir la page 188 du tome 1 de *) See p. 188 of vol. 1 of this 
ce journal. journal. 



349 


P. Behounek und 0. Koblic: Von der TJnhomogenitat der hoch- 
aktiven Salze des Radium-Bariumchlorides. Phys. Z. 1932, 33, 370. 

F. Blechta: Une nouvelle amorce a 1’azide. Chem. listy 1932. 26, 
418, Compt. rend. 12 € congr. chim. ind. Prague 1932. 

R. BrdiSka: Polarographic studies with the dropping mercury 
kathode. Part XXXI. A new test for proteins in the presence of 
cobalt salts in ammoniacal solutions of ammonium chloride. Part 
XXXII. Activation of hydrogen in sulphhvdryl group of some thio- 
acids in cobalt salt solutions. Part XXXIII. The microdetermi¬ 
nation of cysteine and cystine in the hydrolysates of proteins, and 
the course of the protein decomposition. Collection 1933, 5, 112, 
148, 238. 

—: The polarographic investigation of the influence of air on the 
solutions of various specimens of salvarsan. 0 . cs. Mkarnictva 
1933, 73, 51. 

J. Brzek: Formation dela mousse lorsde la carbonatation du jus defe- 
que d'une maniere fractionnee par la chaux. Chem. listy 1932, 26 , 427. 
Compt . rend. 12 e congr. chim. ind. Prague 1932. 

—: Penivost frakcionovane zSerene Stavy vapnem pri saturaci. (Das 
Sehaumen von fraktioniert geschiedenen Saften bei der Saturation.) 
Listy cukrov. 1932, 57, 69. Z. Zuckerind. 1933, 57 , 236. 

J. Buchtala: Nouveaux resultats des analyses des earburants et 
des gaz de mines, effectues au moyen du microdynamographe. Chew . 
listy 1932, 26, 406. Compt. rend. 12 e congr. chim. ind. Prague 1932. 

J. Bulina: Contribution 4 l’etude des scories basiques du four Siemens- 
Martin. Chem. listy 1932, 26, 410. Compt. rend. 12 e congr. chim. ind. 
Prague 1932. 

J. BuJUr: Determination de Fexces d’alcalinite dans les poudres de 
boulangerie. Chem. listy 1933, 27, 241. 

E. BureS: Contribution 4 la chimie de quelques huiles peu connues. 
Chem. listy 1932, 26, 423. Compt. rend. 12 € congr . chim. ind. Prague 1932. 

— et Z. Schlesinger: Condensation de Fo-anisidine avec la form¬ 
aldehyde et la benzaldehyde. 0 . cs. Mkarnictva 1932, 8, 165. 

Byfcichin et Laska: Possibility de dosage de l’acide sulfureux et 
de ses sels par la methode turbidimetrique. Chem. listy 1933, 27, 268. 

F. Cabicar: La chimie des cristaux et ses tendances. (Revue.) Chem . 
listy 1932, 26, 624. 




850 


F. Coil fa lik: Estimation of the nitrogen content in coal and coke. 
Zpr . list, pro vM. vtfzkum uhli 1932, 3, 144. 

—: Aptitude de la houille k la cokeification. Chem . listy 1932, 26 , 398. 
Com.pt. rend. J2 e congr. chim. ind. Prague 1932. 

J. Cermak: Pouiiti adsorpce melasovych barviv aktivnim uhli'm 
k rozliSovairi melas surovarenskych a rafin^rskych. (Die Adsorption 
von Melassefarbstoffen an Aktivkohlen als Unterscheidungsmerk- 
mal fur Rohrzuckerfabriks- und Raffinerienmelasse.) Listy cnkrov. 
1933, 51 , 177. Z . Zuckerind. 1933, 57, 341. 

V. Cupr and T. Krempasky: Regulation of water temperature for 
refractometric measurements. Chem. listy 1932, 26, 522. 

— und J. SiruSek: Rerylliumsalze der Paraderivate der Benzol- 
sulfosaure und ihre Hydrolyse. J. prakt. Chem. 1933, 136, 159. Puhl. 
Fac. Sci. Univ. Masaryk 1932, No 157. 

F. Outa: Some double salts of cadmium ferricyanide. Collection 1932, 
4, 400. Chem. listy 1932, 26, 525. 

V. Z. Danes: Flotation. (A review.) Chem. Obzor 1933, 8 , 02, 88, 108., 

J. Dedek, E. Grunt a S. Pedersen: Ztrata cukru v melase mirou 
jakosti St’av. (Der Zuckerverlust in der Melasse als Mali der Qualitat 
der Safte.) Listy cukrov. 1932, 50, 345. Z. Zuckerind. 1932, 57, 105, 113. 

— a J. KmunfSek: Prub6h prvnf saturace. VII. Saturace s kyse- 
linou solnou. (Verlauf der ersten Saturation. VII. Saturation mit 
Salzsaure ) Listy cukrov. 1933, 51, 273. Z. Zuckerind. 1933, 57, 337. 

J. V. Dubsk^: Organic reagents in analytical chemistry. (A review.) 
Chem. obzor 1933, 8 , 71, 93. 

— et V. Dostal: Preparation, par Fintermediaire de complexes 
cobaltiques, des sels de nickel exempts de cobalt. Chem. listy 1932, 
26, 593. 

— , —: Ein Beitrag zum Studium der Cis-trans-isomerie der Salze 
vom Typus MeX z .2 A. Publ. Fac. Sci. Univ. Masaryk 1932, No 160. 

— und E. Hauer: Eine mikroacidimetrische Methode fur die Nickel - 
bestimmung. Mikrochemie 1933, 12, 321. 

— et A. Oka6: Influence du voisinage des groupes amino sur la 
formation des sels d’u-dioximes (oxalene-diamide-dioxime). Collec¬ 
tion 1932, 4, 388. 



351 


J. V. Dubsky et J. Trtilek: Oxydation de T amide xanthog&iique. 
(Contribution a Texplieation de la reaction de eette amide avec 
le chlorure cuivrique.) Collection 1933, 5, 49. Chem. obzor 1933, 8 , I. 

— , —: fitude de l’acide hippurhydroxamique. Collection 1933, 5, 103. 

— , —: A contribution to the study of acetato-compounds of the 
alkaline earth metals. Publ. Fac. Sci. Univ. Masaryk 1932, No 161. 

— , —: The mercurimetric determination of iodine by means of di- 
phenylcarbazone as indicator. Chem. obzor 1933, 8, 41. 

— , —: Use of mercurimetry in estimating silver. Chem. obzor 1933, 8 ,86. 

—, M. Vftu and A. Langer: Color reaction of glycocol with the 
ferrichloride. Chem. obzor 1932, 7 , 217. Met allhorse 1932, 22, J 933. 

G. Dunkel: Cartouche de combustion pour Tanalyse industrielle des 
gaz. Chem. listy 1932, 26 , 236. 

J. Dvorak: On the estimation of the oxidability of mineral oils for 
lubricating of the combustion motors. Chem. Obzor 1933, 8 , 5. 

V. Ettel: Sur1’identitedelavol&nite (a-sedoheptite)etdela/?-d-manno- 
heptite. Collection 1932, 4, 504. 

—: Sur la configuration du sedoheptose. Collection 1932, 4, 513. 

J. Form a nek: Neue Klipenfarbstoffc. Z. analyt. Chem. 1932, 90 , 255. 

—: The effect of methylalcohol upon electron and aluminium. Chem. 
obzor 1933, 8, 81. 

— and J. Dvorak: The composition of the combustion gases from 
alcohol-benzine mixtures for varying compression quotients. Chem. 
obzor 1933, S, 107, 129. 

J. Frejka et J. Zika: Action de l’acide azoteux sur Tackle pyroca- 
techine-4-sulfonique. Collection 1933, 5, 253. 

K. Gawalowski a B. A. Gosman: Pokus o analysu proteinu krev- 
niho sera methodou polarografiokou. (An attempt to analyse the 
proteins of blood serum polarographically.) Rozpr. II. tr . c. akad. 
1932, 42, No 18. 

— , —: A polarographic analysis of proteins contained in human 
blood serum. Bull. int. de VAcad. d. Sc. de Boheme. 1932. 

— , —: Polarograficka studie adsorptivnosti latek obsazen^ch v krev- 
nlm seru. (A polarographic study on the adsorptivity of substances 
contained in the blood serum.) Rozpr. II. tf. c. akad. 1932, 42, No 19. 



352 


K. Gawalowski and B. A. Gosman: A polarographic study of 
the adsorbability of substances in human serum. Bull. ml. de 
VAcad. d. Sc. de Boheme. 1932. 

A. Glazunov: Nouvelle method© pour determiner l’Apaisseur et 
la quality du depdt de zinc sur les fils de fer galvanises. Chem. listy 
1932, 26, 411. Compt . rend . 12 e congr. chim. ind . Prague 1932. 

—On the structure of troostite. Collection 1933, 5, 76. 

— et E. Bartunek: La vitesse lineaire de la sedimentation par 
electrolyse de quelques sels du plomb. Chem,. Usty 1933, 27 , 172. 

- et J. JanouSek: KZ, KGj et KGjj pendant la formation du d<$pot 
cathodique. Chem. Usty 1932, 26 , 413. Compt. rend. 12 e congr. chim . 
ind. Prague 1932. 

— and J. Krivohlavy: The electrographical determination of me¬ 
tals in alloys with special respect to steel analysis. Chem. ohzor 
1932, 7, 258. 

—: Quantitative Bestimmung des Nickels in Nickelstahlen auf 
elektrographischem Wege. Z. phys. Chem. 1932, A 767, 373. 

— et 0. Rada: Relation entre la direction de raccroissement du 
dApot cathodique et la forme des lignes de forces 61eetriques. Chem. 
Usty 1932, 26, 412. Compt. rend. 12 e congr. chim . ind. Prague 1932. 

— and A. Ro§kot: On the crystallization velocity of cathodic copper 
in electrolysis of copper sulphate solutions. Collection 1933, 5, 179. 
Chem. listy 1932, 26, 308. , 

— et K. Sefl: Sur la crystallisation du benzonaphtol (Recherches sur 
la cristallisation sous le microscope). Collection 1933, 5, 218. 

B. A. Gosman: iStude de la faculty d’absorption des charbons actifs 
par la mAthode polarographique. Chem. listy 1932, 26, 393. Compt. 
rend. 72 e congr. chim. ind. Prague 1932. 

A. Hamsfk, A. F. Richter a 0. Wagner: Lekafska chemie. 
USebnice pro mediky a prfruSka pro lekafe. (Medical chemistry. 
A textbook for students of medicine and a manual for physicians.) 
I. A. F. Richter: ObecnA a fysikalnf chemie. (General and physical 
chemistry.) Praha 1932, pp. 271. II. A. Hamsfk: Anorganicka 
chemie. (Inorganic chemistry.) Praha 1933, pp. 565. III. A. Ham¬ 
sfk: OrganickA chemie. (Organic chemistry.) Praha 1932, pp. 232. 

T. Hepner et B. 0tta: Contribution A Identification des inclusions 
dans I’acier. Chem. listy 1932, 26, 409. Compt. rend. 12 e congr . chim. 
ind. Prague 1932. 



353 


P. Herasymenko, J. Pech et F. PoboHl: Relation entre la 
constitution et la vitesse de dissolution de quelques alliages au chrome 
dans l’acide chlorhydrique. Chem. listy 1932, 26 , 409. Cornpt . rend. 
12 c congr. chim. ind. Prague 1932. 

J. Heyrovsk^: Anwendung der polarographischen Methode in der 
Mikroanalyse. Mikrochemie 1932, 12, 25. 

—: Pouzitf polarografieke methody v prakticke chemii. (Applications 
of the polarographic method in practical chemistry.) Gzechosl. assoc, 
for investig. and testing of materials and constructions. Praha 1933, 
pp. 135, K6 30—. 

—- and T. Smoler: Polarographic studies with the dropping mercury 
kathode. Part XXX. The electroreduction and estimation of fructose 
and sorbose. Collection 1932, 4 , 521. 

— 5 — : Reduction of fructose on the mercury dropping cathode and 
estimation of invert sugar by the polarographic method. Chew, 
listy 1932, 26, 479. 

V. Hovorka: Sur le dosage ponderal du selenium des composes 
selenieux au moyen de l’hydrate d’hydrazine et des sels hvdrazi- 
niques. Chern. listy 1932, 26, 563. 

Sur la reduction des selenites par l’hydrate d’hydrazine en milieux 
alcalin et neutre. Chem. listy 1933, 27, 25, 49. 

E. HybeSova und J. Krizenecky: tjber die Absorption von Thy¬ 
roxin durch Fette und Ole. Endokrinologie 1933, 12, 336. 

J. B. Chloupek:A simple method for the spectroscopic characteriza¬ 
tion of organic dyestuffs and other coloured substances. Collection 
1933, 5, 218. 

—: Sur un cas de formation de la syngenite. Chem. listy 1933, 27, 197. 

—: Sur la decomposition de l’acide permanganique en presence d’au- 
tres acides. Chem . listy 1933, 27, 217, 246, 270. 

—: Decomposition thermique du carbonate de manganese et ses pro- 
duits. Chem. listy 1933, 27, 315. 

— and V. Z. Danes: Electrochemical method for the study of metal 
corrosion. Chem. obzor 1932, 7, 141. 

— , —: Universal automatic laboratory equipment for filtration. 
Chem. obzor 1932, 7, 237. 

— , — and B. A. DaneSo va: The relation between the higher charge 
ions and the deviations from the first approximation of the Debye- 
Hiickel theory. Collection 1932, 4, 473. 



354 


J. B. Chloupek, V. Z. DaneS and B. A. Dane&ov&: A con¬ 
tribution to the question on the influence of the valence on the 
activity. Solubility of the cerium periodate in aqueous solutions of 
some electrolytes. Chem. listy 1932, 26 , 531. 

— , — ? —: Higher-valency ions and the activity. II. Theoretical 
discussion on the basis of the Poisson-Boltzmann equation. Col¬ 
lection 1933, 5, 21. 

1). llkoviS: Polarographic studies with the dropping mercury ka¬ 
thode. Part XXVIII. The evolution of hydrogen from neutral and 
alkaline solutions. Collection 1932, 4 , 480. 

J. Jebavy: Adsorpce elektrolytii uhli£itanem vapenat^ r m v neutral- 
nfm prostredi. (Die Adsorption von Elektrolyten durch kohlen- 
sauren Kalk in neutralen wasserigen LOsungen.) Listy cukrov. 1932, 
50 , 485, Z. Zuckerind . 1933, 57, 2f54, 269. 

—: Adsorpce cukernat^ch barviv a soli uhlicitanem vapenat^m v neu- 
trainim prostredi. (Die Adsorption von Zuckerfabrikstoffen und 
Salzen durch kohlensauren Kalk in neutralen wasserigen LOsungen.) 
Listy cukrov. 1932, 5/, 133. Z . Zuckerind. 1933, 57, 315. 

V. Jelinek: Essai des carburants par distillation isothermique. 
Chem. listy 1932, 26, 402. Compt. rend. 12? congr. chim . ind. Prague 1932. 

—: Grillage des pyrites desagregees sulfa tecs. Chem. listy 1932, 26, 411. 
Compt. rend. 12 e congr. thim . ind. Prague 1932. 

—: Arrangement for the pyrolysis of gaseous hydrocarbons. Zprdvy 
list . pro vM. vyzkum uhli 1932, 4, J74. 

A. Jflek: 50ieme anniversaire de M. Jan Lukas. Chem. listy 1932, 
26, 540. 

—: 50ieme anniversaire du prof. R. Hac. Chem. listy 1933, 27, 145. 

— und J. Kot’a: t)ber die gewichtsanalytische Bestimmung des Be¬ 
rylliums und seine Trennung von Fe"\ UO 2 ”, Th **", Zr~\ TV, 
CrO ", MoOt , Cu, AsOz", ShO", VO" und WO" durch guani- 
dincarbonat. Z. analyt. Chem. 1932, 89, 345. 

— , —: Sur la separation, au moyen du carbonate de guanidine en 
milieu tartrique, du titane d’avec 1’aluminium et certains elements 
de la classe analytique II et III. Collection 1932, 4, 412. 

— and A. RySanek: Estimation of tungsten by means of o-hy- 
droxyquinoline in a complex oxalate medium. Collection 1933,5,136. 

— and J. VreSt’al: Separation of aluminium from zinc by hydra¬ 
zine-carbonate. Chem. listy 1932, 26, 497. 



355 


Kallauner: OOifeme anniversaire de M. J. Burian. Chem. listy 1933, 
27 , 289. 

G. Kimura: Polarographic studies with the dropping mercury ka¬ 
thode. Part XXIX. Electro-deposition of calcium and magnesium 
and the estimation of calcium. Collection 1932, 4 , 492. 

Z. F. Klan: The influence of fertilizers on the alkaloid content of 
leaves of Hyoscyamus niger L. C. cs. lekdrnictva 1933, 73, 117. 

V. Konn: Sur l'dpuisement de l’acide carbonique pendant la carbo- 
natation. Chem. listy 1932, 26 , 427. Compt . rend. 12 e congr. chim. ind. 
Prague 1932. 

—: Sur Palcalinite chimique et physique de la chaux dans la earbonata- 
tion. Chem . listy 1932, 26, 427. Z. Zucherind. 1932, 27, 11. Compt. 
rend. 12 r congr. chim. ind. Prague 1932. 

J. Koreeky: Evaluation of the stability of varnishes against the 
action of combustible mixtures. Chem. obzor 1933, 8, 47. 

J. Kot’a: Dosage ponderal du glucinium et du thorium et son appli¬ 
cation a leur separation (Payee certains corps simples. Chem. listy 
1933, 27, 79, 100, 128, 150, 194. 

A. F. Ko varfk: Criticism of the measurements made hitherto on the 
disintegration constants of radium, uranium and thorium. New 
experimental estimation of the disintegration constant of uranium. 
C. cs. matem. fys. 1933, 67, 338. 

C. Krauz and A. Majrieh: On the effect of acids of the aliphatic 
series upon chemical stability of the smokeless nitrocellulose powders. 
Chem. obzor 1932, 7, 209. 

J. Krepeika: Quelques remarques sur la determination de la consti¬ 
tution des colorants azoiques. Chem. listy 1932, 26, 417. Compt. rend. 
12 e congr. chim. ind. Prague 1932. 

—: L’alchimie moderne. (Conference.) 0. cs. lekdrnictva 1932, 12, 272. 

— et D. F. Novotn^: La triboluminiscence des halogenures mer- 
cureux. C. cs. lekdrnictva 1933, 73, 20, 85. 

— and B. Rejha: Solubility of the hydrates of manganous sulphate. 
Collection 1933, 5, 67. Chem. listy 1933, 27, 51. 

— a F. Toul: Anorganickd chemie. (Inorganic chemistry.) Melan - 
trich , Praha 1932, pp. 407, K5 98—. 

A. Kfi£: Heterogenity of a sand-cast steel ingot. Foundry Trade 
Journ. 1932, 46, 310. 



56 


A. Kf ii and F. Poboril: A contribution to the constitution of the 
system Fe-C-Si. Chem. obzor 1932, 7, 147, 165, 192. J. Iron Steel Inst. 

1932, 126 , 323. 

K. Kftinsk^: Determination des proprtetes du gluten au moyen 
d’appareils. Chem. listy 1932, 26, 611. 

V. Kubelka, V. Nemec und F. Berka: Die Analyse und Unter- 
suchung pflanzlich gegerbter Leder. Gerber 58, 58; 59, 3. 

— , — and S. 2uravlev: Determination of moisture in leathers. 
Chem. obzor 1932, 7, 219. 

— and F. Peroutka: The average water content in tanned hides. 
Techn. hlidka kozel. 1932, 4. 

— und V. Samec: EinfluB der Temperatur auf die Quellung des 
Hautpulvers. Studien uber Adsorption und Quellung, IV. Kolloid Z. 

1933, 64, 83. 

— , —: Contribution a l’etude du gonflement des cuirs. Chem. listy 
1932, 26, 425. Compt. rend. I2 e congr. chim. ind. Prague 1932. 

— et A. Weinberger: l5tude de la deterioration des cuirs par les 
acides. Chem. listy 1932, 26, 425. Compt. rend. 12 € congr. chim. ind. 
Prague 1932. 

— , —: Die Wirkung der Sauren auf pflanzliche Ledern. I. Beitrag zu 
den Lederprufungsmethoden. Collegium 1933, 89. 

J. Ku be$: Effect of local ions upon the development of curtural plants. 
Chem. obzor 1932, 7, 197. 

—: L’acide humique cause de l’aciivite electrocliimique du sol. Chem. 
listy 1932, 26, 429. Compt. rend. J2 r congr. chim. ind. Prague 1932. 

S. Landa, J. Oech et V. Sliva: Synthesedu 4-w-propylnonadecane 
et du 5-w-butyleicosane. Collection 1933, 5, 204. 

— et S. Landova: Sur la preparation d’essence, k partir des naphtes 
de Hodonfn, par hydrogenation sous pression. Chem. listy 1933, 27, 31. 

— et V. Machadek: Sur l’adamantane, nouvel hydrocarbure extrait 
du naphte. Collection 1933, 5, 1. 

— , — , J. Mzourek et M. Landova: Sur le petrole brut de Hodo- 
nin. Chem. listy 1932, 26, 403. Compt. rend. 12? congr. chim. ind. 
Prague 1932. 

— and J. Pokorn^: A contribution to the composition of paraffine. 
Chem. listy 1932, 26, 513. 



357 


S. Landa et J. Pokorny: Sur la combustion lente du 2-mdthyl- 
tricosane. Collection 1932, 4, 456. 

— et V. Sliva: Preparation du 3-ethyloctadecane. Collection 1932, 
4, 538. 

V. Lang: fitude de la preparation et de la stability do la “solutio jodi 
Pregl”. C\ cs. lekdrnictva 1933, 13 , 47. 

B. Lazar: Vliv koneentraee roztoku na presnost konduktometrickeho 
stanoveni popele v surov^ch cukrecb. (EinfluB der Lbsungskonzen- 
tration auf die Genauigkeit der konduktornetrischen Bestimmung 
des Aschengehaltes von Rohrzuckern.) Listy cukrov. 1932, 49 , 480. 
Z. ZucJcerind . 1932, 57, 129. 

K. Lesnidenko: The determination of mononitrotoluene. Chew, 
ohzor 1932, 7, 246. Chem. listy 1932, 26 , 419. Compt. rend. 12 e congr. 
chim. ind. Prague 1932. 

R. Lukes: Action du react if Grignard sur la A-methylpyrrolidine. 
Notivellc synthese de pyrrolines substitutes. Chem. listy 1933, 
27, 97, 121. 

et B. Smetaftkova: Sur la preparation et la reduction electro- 
lytique de l’imide N -methylglutariquc. Collection 1933, 5, 61. 

V. Majer: Die ]>olarographische Bestimmung der Alkalimetalle. 
Z. analyl. Chem. 1933, 92. 321. 

—: Uber den gravimetrischen und polarographischen Gesammtkali- 
wert. Z. analyt. Chem. 1933, 92, 401. 

—: Application de la methode polarographique au dosage rapide 
de petites quantites d'alcalis, en particulier dans les silicates a haute 
teneur en aluminium. Chem. listy 1932, 26, 393. Compt. rend. 12 e 
congr. chim. ind. Prague 1932. 

A. Majrieh: Contribution a la constitution des ethers-sels de l’acide 
azotique. Chem. listy 1932, 26, 412. Compt. rend. I2 C congr. chim. 
ind. Prague 1932. 

—: Sur un nouveau principe d’amor^age. (hem. listy 1932, 26, 418. 
Compt. rend. 12 € congr. chim. ind. Prague 1932. 

—: Explosiveness and constitution. Chem. ohzor 1932, 7, 104, 117. 

B. MalaS: Zur Frage der Bestimmung des Kalkbediirfnisses der B6den. 
Vfetnih csl. akad . zemfMl. 1933, 9, 299. 

J. Mal^: An apparatus for estimating the factor for reduction of the 
gas volume to normal conditions. Chem . ohzor 1933, 8, 61. 



358 


V. Marefiek: Synthesis of benzoic acid from chlorbenzene, monoxide 
of carbon and water. Chem. obzor 1932, 7, 171. 

V. A. Matula: Radiologischer Beitrag zur Charakteristik der Mineral- 
quellen von Luhatfovice. Vtetnik balneolog.aklimatolog . 1933, 13, No 1. 

J. MeCir: Sur la purification des trinitrotoluenes par le sulfite de 
sodium. Son influence sur Ta-trinitrotolu^ne. Ghent . listy 1932, 26, 
419. Compt. rend. 12 e congr. chim. ind. Prague 1932. 

B. Melichar: Preparation des solutions volum^triques pour l’analyse 
pharmaceutique. 0. cs. Mkdrnictva 1933, 13, 141. 

J. Milbauer: Chemicka technologie. /. Technologie anorganick^ch 
ludebnin. (Chemical technology. 1. Technology of inorganic chemi¬ 
cals.) Praha 1932, pp. 980, KS 215*—. 

—: On impregnating coals of the v ‘ Car boraffin”-type. Chem . obzor 

1932, 7, 189. 

—: On specific clarification of wines by means of impregnating coals. 
Chem. obzor 1932, 7, 190. 

—: Experiments with the substitutes of white lead. Chem. obzor 

1933, 8, 105. 

— et J. Doskar: La kjeldahlisation du sulfure de earbone. Sur la 
fabrication du chromate de calcium. Sur les nitrates cupro-ammo- 
niacaux. Chem. listy 1932, 26, 414. Compt. rend 12 e congr. chim. ind. 
Prague 1932. 

A. Mi tin sky: L’echauffeihent des sables pendant la coulee. Chem. 
listy 1932, 26, 407. Compt. rend. 12 e congr. chim. ind. Prague 1932. 

V. Moravek: Permeability and swelling of the tissue of Nereocystis. 
Preslia 1932, 11. 

A. N6mee: Die Bestimmung der Phosphorsaurebedurftigkeit nach 
der Keimpflanzenmethode und die Absorption der Phosphorsaure 
durch den Boden. Z. Pflanzenerndhr. Diing. 1932, A 26, 203. 

— , J. Lanlk und A. Koppova: Bemerkungen zur colorimetri- 
schen Bestimmung der citratlOslichen Boden phosphorsaure. Z. 
Pflemzenernahr. Dllngung 1932, A 26, 365. 

V. NSmec: Die Furfurolzahl von Gerbextrakten und deren Mischun- 
gen mit Sulfitcelluloseextrakt. J. int. Soc . Leather Trades Chemists 
15, 440. 

V. Netuka: Depuration of drink and service water by means of active 
coal. Chem. obzor 1932, 7, 152. 



359 


V. Netuka: Collecting of oil from condensing waters by means of 
active coals. Chem. obzor 1932, 7, 257. 

—: fitude photochimiqne de la sedimentation des charbons actifs 
frais epuises et r6g6n6res. Chem. liaty 1932, 26, 414. Compt. rend. 
12* congr. chim. ind. Prague 1932. 

—: Jednoducha metoda k urdenf pripadne inverse cukru aktivnim 
uhlim. (Einfache Methode zur Bestimmung der eventuellen durch 
aktive Kohle hervorgerufenon Inversion des Zuckers.) Listy cukrov. 

1932, 51, 128. Z. Zuckerind. 1933, 57, 349. 

—: Emploi du charbon actif dans la pratique. (Revue.) Chem. listy 

1933, 27, 251. 

J. Novak et V. Cech: Phenol-formaldehyde resinification. II. Ind. 
Eng. Chem. 1932, 24, 1275. 

A. Oka6: Mikroeiektrolytische Silber-, Queeksilber- und Cadmium- 
bestimmung in ammoniakalischer LOsung. Z. analyl. Chem. 1932, 
89, 106. 

—: Quantitative Mikrobestimmung von Nickel und Kobalt neben- 
einander (elektrolytisches Verfahren). Z. analyt. Chem. 1932, 88, 431. 

—: Uber die Ruhrung des Bades durch Einblasen von Gas bei der 
Mikroanalyse. Mikrochemie 1932, 12, 205. 

—: Sur le dosage microelectrolytique du fer. Chem. listy 1932, 26, 595. 

B. Otta: Quelques exemples de metallographie pratique. Chem. 
listy 1932, 26 , 407. Compt. rend. 12 e congr. chim. ind. Prague 1932. 

P. Pavlas: Rychie, priblizne urfceni invertniho cukru v surovem cukru 
(Eine schnelle Methode zur annahernden Bestimmung des Invert- 
zuckergehaltes in Rohrzuckern.) Listy cukrov. 1932, 51, 45. Z. Zucker¬ 
ind. 1933, 57, 212. 

F. Pavlitfek: A study of the formation and structure of different 
kinds of coke. Hornick$ vfetnik 1932, 14, 209, 228, 241, 259. 

M. Pavlik: Spectre d’absorption du trinitrotoluene. Chem. listy 1932, 
26, 395. Compt. rend. 12* congr. chim. ind. Prague 1932. 

—: fitudc dlectrochimique de la stability des explosifs. Chem. listy 
1932, 26, 420. Compt. rend. 12? congr. chim. ind. Prague 1932. 

F. Pern a: A contribution to the estimation of Berlin blue in the gas 
purifying mass according to Knublauch. Combined method of Knub- 
lauch and Feld. Plyn a voda 1932, 12, 131. 


25 



360 


E. Petrafiek: The liberation of oxygen from “Ichtoxyl”. G. cs. U- 
kdrnictva 1932, 12, 265. 

F. Poboril: Four-phase plane in the system Fe-C-Si . Chem. obzor 
1933, 8 , 22. 

J. Polak: Chemie v domacnosti. (Household Chemistry.) Praha 1932, 
pp. 136. 

V. Prelog: Sur Tackle okanolique (sapog^nine de la betterave k 
sucre). II. Collection 1933, 5 , 165, 

—: Prof. Emil Votodek. Arhiv hemiju 1932, 6, 152. 

R, Prochazka: Sur un nouveau procede depuration de Tcau a la 
station de Podoli. (Conference.) Chem. listy 1932, 26, 237. 

—: fitude du processus de coagulation dans Teau par le coagulographe. 
Chem. listy 1932, 26, 395. Compt. rend. 12* congr. chim. hid. Prague 

1932. 

B. Ptatfek: A fourth principle of thermodynamics? Chem. obzor 

1933, 8, 91. 

O. Quadrat, A. Benda et J. Koritta: La perlite dans la fonte 
malleable. Chem. listy 1932, 26, 409. Compt. rend. 12* congr. chim. 
ind. Prague 1932. 

— et M. Pilz: L’azote dans le procede Thomas. Chem. listy 1926, 26, 
409. Compt. rend. 12* congr. chim. ind. Prague 1932. 

— et R. PospiSil: Etude dilatometrique d’un alliage d’aluminium. 
Sur un nouveau dila to metre differentiel. Chem. listy 1932, 26, 408. 
Compt. rend. 12 e congr. chim. ind. Prague 1932. 

O. Reiss: Vztah mezi slozenim a zabarvovanim cukernych roztokti 
pri zahrivani. (Zusammenhang zwischen Zusammensetzung und 
der Verharzung von ZuckerlOsungen beim Erwarmen.) Listy culcrov. 
1932, 51, 9. Z. Zuckerind. 1932, 57, 90. 

—: Srovnani zabarveni cukernych roztoku a st’av pri zahrivani a pfi 
odpafovani. (Vergleichung der Verfarbung von Zuckerlosungen und 
Saften beim Erwarmen und Abdampfen.) Listy cukrov. 1933, 51, 193. 
Z. Zuckerind. 1933, 57, 361. 

Z. Rektorik: Dosage volumetrique du plomb dans les solutions de 
sous~ac6tate de plomb. G. cs. Ukarrvictva 1932, 12, 241. 

—: Contribution k Tetude du dosage de la morphine dans Topium et 
ses preparations officinales. G. cs. Ukdrniclva 1932, 12, 285. 

J. Rosick^: Devolution de nos connaissances sur la vitamin© D. 
(Revue.) G . cs. Ukarnictva 1933, 8, 226. 



361 


A. R&iicka et B. G. Simek: L’am41ioration du lignite par traite- 
ment a la vapeur sous pression. Chem. listy 1932, 26 , 400. Compt. 
rend. 12 e congr. chim. ind. Prague 1932. 

L. Rybadek: L’influence du perborate sodique sur la glycerine. G. cs. 
lekarnictva 1933, 13, 41. 

P. Rybar: Quelques medicaments nouveaux d’origine inorganique. 
(Conference.) 0. cs. lekarnictva 1933, 8, 197. 

F. Schacherl: Influenza del tetracloruro di carbonio e deirossicloruro 
di fosforo sulla pressione massima d’ossigeno a cui incomincia la 
chimiluminiscenza del fosforo bianco. Gazetta 1932, 62, 610. 

—: Sulla riduzione dell’ossidodizinco conidrogeno .Gazetta 1932, 62, 839. 

V. Schneider and V. Kubelka: New manufacturing method of 
the alkaline nitrates. Chem. obzor 1932, 7, 244. 

F. Schulz et J. Prunet: Sur lew phenols cristallisables des goudrons 
de lignite. Collection 1932, 4, 531. 

L. Schwaer: Reduction of unsaturated organic acids on the dropping 
mercury kathode. Chem. listy 1932, 26, 485. 

—: L’examen polarographique de la purete de quelques preparations. 

0 . cs. lekarnictva 1933, 8, 213. 

Ch. SI on in and Z. Herrmann: Contribution to the explanation 
of the course of purification of surface water with special respect to 
the use of aluminium sulfate. Chem. obzor 1933, 8, 45, 64. 

— s — : Contribution to the removal of silicic acid from feed water. 
Chem. obzor 1933, 8 , 134. 

L. Smolik: The buffer capacity of the soils and the colloidal clay. 
Vtstnik 6s. akad. zemSdSl. 1932, 8, 493. 

—: The chemical composition of the colloidal clay with regard to the 
chemical composition of the soil. Vistnik cs. akad. zemfd&l. 1932, 8, 593. 

—: A contribution to the chemism of the colloidal clays from podsols. 
Vistnik cs. akad. zem£d£l. 1932, 8, 744. 

—: A study on soil colloids. Vistnik cs. akad. zem£d$l. 1932, 8 , 750. 

—: A contribution to the lyosorption of soils in organic liquids. 
Vistnik cs. akad. zem&Ml. 1933, 9, 25. 

—: A contribution to the chemism of manganese in soils. Vistnik cs. 
akad. zemtidZl. 1933, 9, 134. 

—•: A contribution to the chemical composition of the organic matter 
in the forest soils. (A preliminary note.) VSstnlk 6s. akad. zemMH. 
1933, 9 , 304. 

25 * 



362 


L. Smollk: A contribution to the question of the Fe*"-sorption by 
the soils. V(Mn{k cs. akad. zem&lSl. 1933, 9, 409. 

V. Stanek und T. Nemes: Eine mikroanalytische Methode zur 
Identifizierung organischer Stoffe. Chem.-Ztg . 1932, 56 , 285. 

— , —: On microchemical titration of iodides, incidentally in presence 
of other halogens. Chem. obzor 1933, 8, 21. 

— a P. Pavlas: DalSi studie o zabarvovani St'av pri odpafovani. 
Vliv alkality, vzduchu a £eleza na St’avy sirene i nesifene. (Eine 
weitere Studie iiber die Saftfarbung beim Verkochen. EinfluB der 
Alkalitat, der Luft und des Eisens auf geschwefelte und ungeschwe- 
felte Safte.) Listy cukrov. 1932, 50 , 368. Z. Zuckerind . 1932, 57 , 81. 

Z. Stefan: Influence de la conductibilite thermique des metaux et 
leur emploi dans l’industrie chimique, en particulier dans la fabri¬ 
cation des acides et des explosifs. Chem. listy 1932, 26, 420. Compt. 
rend . 12* congr. chim. ind. Prague 1932. 

B. Stehllk: Volumetric estimation of molybdenum by potentiometric 
oxidation of the quinque- to the sexivalent state with ceric sulphate 
or potassium permanganate. Collection 1932, 4, 418. Chem. listy 
1932, 26, 533. 

—: New elements virginium and alabamine. (A review.) PHroda 
1932, 15, 194. 

—: Emil Votofcek. Bibliographic des travaux scientifiques. Biblio¬ 
graphy of scientific communications. Collection 1932, 4, 377. 

—: Pseudoatoms. (A review.) PHroda 1933, 16. 

—: Profil scientifique du Nobel-laureate de 1932 pour la chimie. 
(Conference.) Chem. listy 1933, 27, 199, 223. 

J. S&na: Odstranovani elektrolytu smesi aktivnich uhli ze zreden^ch 
roztoku rilzn^ch soli. (Die Entfernung von Elektrolyten mittels Ge- 
mischen von Aktivkohlen aus verdlinnten LOsungen verschiedener 
Salze.) Listy cukrov. 1932, 50, 339. Z. Zuckerind. 1932, 57, 121. 

K. Sandera: Application of the conductometry in the technical che¬ 
mistry. (A lecture.) Chem. obzor 1932, 7, 173. 

—: Analyse of organic liquids by means of conductometric method. 
Chem . obzor 1932, 7, 268. Chem. listy 1932, 26, 394. Compt . rend. 12* 
congr . chim . ind. Prague 1932. 

—: Cristallisation du sucre de betterave. Chem. listy 1932, 26, 426. 
Listy cukrov. 1932, 51, 125. Z. Zuckerind. 1933, 57, 333, Compt. 
rend. 12* congr. chim. ind. Prague 1932. 



363 


K. Sander a: O odbarvovani cukem^ch roztoku v polarimetrii aktiv- 
nfm uhllm. (Uber die Entfarbung von ZuckerlOsungen in der Polari- 
metrie mit aktiver Kohle.) Listy cukrov. 1933, 52, 233. Z. Zuckerind. 
1933, 57, 294. 

— a A. MirSev: PSnivost cukern^ch roztokii. (Schaumbildung von 
ZuckerlOsungen.) Listy cukrov. 1932, 52, 83. Z. Zuckerind . 1933, 
57, 286. 

— and V. Novak: A rapid conductometric method for detecting 
chemical preparation of the cocoa powder. Chem. obzor 1933, 8 , 49. 

— a Samal: Poznamky k metodice konduktometrickeho urdovanf 
afinovatelnosti surovych cukru. (Bomerkungen zur Methodik der 
konduktometrischen Affinierbarkeitsbestimmung von Rohrzucker.) 
Listy cukrov . 1932, 50 , 409. Z. Zuckerind. 1932, 57, 57. 

J. Satava: 70i&me anniversaire du Dr. ing. Hrach. Chem. listy 1933, 
27, 193. 

— et P. Bach: Le trihexosane et le dextrinose dans la fabrication 
do la biere. Chem. listy 1932, 26, 428 Compl. rend. 12 e congr. chim. 
ind. Prague 1932. 

J. Sebor: Deduction th&mque de la loi de dilution de J. H. van’t Hoff. 
Chem. listy 1932, 26, 234. 

B. G. S i m e k: Determination of bituminous substances in the producer 
brown coal tar. Zpr. ust. pro v&d. vtfzkum uhli 1932. 3, 99. 

—: Determination of the softening point of the coal tar pitchs and 
asphalts. Zpr. ust. pro v£d. vyzkum uhli 1932, 3 , 117. 

—: Determination of the paraffine content of brown-coal tar. Zpr. 
ust. pro v&d. vtfzkum uhli 1932, 4, 197. Teer u. Bitumen 1932, 30, 305. 

—: Calculation of the heat exchange correction in the calorimetry of 
combustibles. Hornich) vfotnik 1932, 14, 264. 

— and Z. Beranek: Refractometric determination of naphthalene. 
Zpr. ust. pro v$d. vyzkum uhli 1932, 4, 182. 

— and R. Kassler: Analysis of small quantities of volatile material 
by determination of the vapour pressure and molecular weight 
during distillation. J. Amer. Chem. Soc. 1932, 54, 3962. 

— , —; Form, in which water exists in coals. Zpr. ust. pro v&i. vyzkum 
uhli 1932, 3, 129. 

— et J. Ludmila: Extraction electrochimique des acides humiques 
du charbon. Chem. listy 1932, 26, 399. Com.pt. rend.. 12 e congr . chim. 
ind . Prague 1932. 

— , — and B. Stanclova: The determination of moisture in coal. 
Zpr. Ust. pro v(d. vyzkum uhli 1932, 4, 213. 



364 


J. Simek: EinfluB ©iniger absorbierten Kationen auf die Menge des 
physikalischen Tones. Vfotnik cs. akad. zemidil. 1933, 9> 109. 

V. Skola: System© Al 2 0 2 -Ti0 r SiD 2 . Chem. listy 1932,26', 416. Compt. 
rend . 12 e congr. chim. ind. Prague 1932, 

S. Skramovsk^: An apparatus for automatic registration of dehy¬ 
dration with increasing temperature. Collection 1933, 5, 6. Chem. 
listy 1932, 26, 521. 

—: Emploi dePacide salieylique com me etalon acidimetrique. Collection 
1933, 5, 143. 

I. Slendyk und P. Herasymenko: Wasserstoffuberspannung an 
Quecksilberkathoden in Gegenwart ldeiner Mengen von Platin. 
7j, physikal. Chem. 1932, A 162 , 223. 

J. Spadek: Rhenium and its compounds. (A review.) PHroda 1932, 
25, No 5. 

J. Splichal, J. Sana et R. Jirkovsk^: Etude physicochimique 
des eaux de mine de Pribram. Chem. listy 1932, 26, 396. Compt. 
rend. 12 e congr. chim. ind. Prague 1932. 

J. St’astny: Butylenglycol als Produkt der Ganing. Vfatnik cs. 
akad. zem&d&l. 1932, 8 , 687. 

J. St6rba-Bohm et A. DorabiaJska: Sur une propriete inconnue 
des composes de certains elements chimiques. Collection 1933, 5, 233. 
Roczniki chem. 1932, 72, 875. 

E. Svagr et V. Stole: Harmine. Chem. listy 1932, 26, 476. 

M. Tokuoka: Polarographic studies with the dropping mercury ka¬ 
thode. Part XXVII. The electro-reduction and estimation of nitrates 
and nitrites. Collection 1932, 4, 444. 

O. Tomifcek: Progres de Fanalyse chimique et sa repercussion sur les 
methodes du controle des medicaments. (Revue.) G. cs. Ukarnictva 
1933, 13 , 9. 

—: Les methodes de P analyse chimique dans les pharmacopees. (Con¬ 
ference.) G. cs. Ukarnictva 1933, 13, 124. 

— und K. Komarek: Zur gewichtsanalytischen Kobaltbestimmung 
durch Dinitrosoresorcinol. Z. analyt. Chem, . 1932, 91 , 90. Chem. listy 
1932, 26, 515. 

— et Z. Rektorik: Sur le dosage argentom^trique des nitroprussiates. 
Collection 1933, 5, 129. Chem. listy 1933, 27, 297. 

— et R. Uzel: La recherche de l’iode et son dosage dans les eaux 
potables de Boheme. G. 6s. Ukarnictva 1933, 6, 193. 



H. Tropsch and G. G. Simek: Thermal decomposition of the bo¬ 
hemian producer brown-coal tar. Zpr. ust. pro vM. mjzkum uhli 
1932, 3, 79. 

J. Trtllek: Diphenylcarbazide as indicator in the mercurimetry. 
Chem. obzwr 1933, 8 , 3. 

O. Turek: Decomposition thermique du trinitrotriazidobenzene et 
d’autres polynitropolyazidobenzenes. Chem. listy 1932, 26, 417. 
Compt . rend. 12 € congr. chim. ind. Prague 1932. 

V. tllehla and V. Moravek: Properties of the cell membrane. 
IT. The reed-membrane and its permeability for glucose, saccharose 
and raffinose. Pnroda 1933, 26. 

F. Ulrich: Neuere Ergebnisse der naturwissenschaftlichen Erkundung 
der Mineralquellen von Luhacovicc. Vhtnik balneolog. a hlimatolog. 
spot. 1933, 13 , No 1. 

R. Uzel: Contribution au dosage colorimetrique des azotites dans 
les eaux. Collection 1933, 5, 139. 

A. Vacin: Anticorrosive steels in the chemical industry. Chem. obzor 
1932, 7, 199. 

E. Valenta et F. Poboril: Influence du silicium sur les points 
critiques et sur la constitution des alliages de chrome. Chem. listy 

1932, 26 , 408. Compt. rend. 12 € congr. chirn. ind. Prague 1932. 

F. Valentin: Sur un nouvel anhydrogalactose. Cliem. listy 1933, 
27, 147, 169. 

F. VaniS: Reactions ay ant lieu pendant la fusion de la fonte. Chem. 

listy 1932, 26, 410. Compt. rend. 12* congr. chim. ind. Prague 1932. 
A. VaSfSek: Lc potentiel electrocinetique d’un diaphragme cera- 
mique. Chem. listy 1932, 26, 503. 

—: Sur la constante dielectrique des solutions. (Revue.) Chem. listy 

1933, 27, 174, 202, 225. 

J. Velisek: A propos des Electrodes de calcium du 3ieme ordre. Chem. 
listy 1933, 27, 3. 

—: Progres de Palchimie moderne. (Revue.) Chem. listy 1933, 27, 66,84. 

— and A. VaSlEek: Electro-osmosis on a ceramic diaphragm in 
aqueous solutions of some alkali halides. Collection 1932, 4, 428. 

— , —: Contribution k l’etude de PElectroosmose sur les diaphragmes 
ceramiques dans les solutions aqueuses de chlorure de potassium. 
Chem . listy 1932, 26, 507. 

— , —: On the calcium electrodes of the third order. Collection 1933, 

5, 10. 



366 


J. VelfSek and A. VaSffiek: On the use of calcium electrodes of 
the third order in medicine. C. ca. Wcafh 1933, No 20. 

V. Vesel^: Scientific work of prof. Emil VotoCek. Chem. liaty 1032, 
26, 435. 

— et L. K. Chudoiilov: Sur la determination de l’insaponifiable 
dans les corps gras. Chem. liaty 1932, 26, 423. Compt. rend. 12* congr. 
chim. ind. Prague 1932. 

— and F. Stursa: Use of lithium in substituting halogens by methyl- 
groups in the naphthalene nucleus. Chem. liaty 1932, 26, 496. 

— , —: Preparation of the trimethyl-naphthalenes from 2.6-dimethyl- 
naphthalene. Chem. liaty 1932, 26, 490. 

— , —: Sur les matures colorantes azolques derives des 2-naphtols 
brom4s. Chem. liaty 1933, 27, 126. 

— , —: Sur le 1-methyl-7-naphtol. Collection 1933, 5, 170. 

V. Vitek: Determination polarographique de 1’oxygene dans les gaz 
industriels et dans l’eau. Chem. liaty 1932, 26, 393. Compt. rend. 12 e 
congr. chim. ind. Prague 1932. 

A. K. VICek: Contribution to the genesis and discussion of the phase 
rule. Chem. obzor 1933, 8, 86. 

— et K. Teige: Sur deux phases coexistantes. Chem. liaty 1932, 26, 
65, 89, 116, 161, 195, 257, 281, 568, 597, 614; 1933, 27, 8. 

J. Vondrak: Manitove kysani repoveho krmiva. (Die Mannitgarung 
verschiedener Rfibenfutter.) Liaty cukrov. 1932, 51, 61. Z. Zuckerind. 
1933, 57, 317. 

—: Studie o difusi. (Studie fiber die Diffusion.) Liaty cukrov. 1933, 51, 
185. Z. Zuckerind. 1933, 57, 301. 

—: tJber Feuchtwerden von Kristallzucker im Magazin. (Ein Vortrag.) 
Z. Zuckerind. 1933, 57, 159, 167. 

— a F. Neuwirth: Inverse zvlhie rafinady udinkem n6kter#ch 
mikrobu. (Inversion feucht gewordener Raffinade durch mikrosko- 
pische Pilze.) Liaty cukrov. 1932, 50, 371. Z. Zuckerind. 1932, 17, 25. 

E. VotoCek et S. Malachta: Sur la cellulose de la fibre de papyrus. 
Chem. liaty 1932, 26, 424. Compt. rend. 12* congr. chim. ind. Prague 

1932. 

— et F. Valentin: Synthase des phenoethylpyrazolones. Collection 

1933, 5, 84. 

O. Weinstein: A note on the berginization of paraffine. Chem. obzor 
1933, 8, 42. 


Vyolutzi mSslCnd. — Odp. redaktoM a vydarateld: Prof. Dr. E. Votofcek a prof. Dr. 3 . Heyrcwak#-. 
Tiskne „PoUUka“ v Pra*o. — Norlnovi sazba povolena fed. poSt a telograf* 61 b. 7748-VII.1928. 



LA TRIBOLITMINESCENCE DES HALOGtfNURES MERCUKEUX 

par J. H. KHEPELKA at D. F. NOVOTNt.*) 

Lore de la preparation du ehlorure mereureux pur et parfaitement 
sec en vue d’exp^riences photochimiques nous avons trouve qu'il 
presentait la triboluminescence, phenomene qui n’avait pa£ ete 
constate jusque 1 k chez ce sel. Notre produit a ete prepare, en suivant 
les indications de Schmidt 1 ) modifices par R. Varet, par precipita¬ 
tion k la lumiere inactinique, en vases de surete en verre jaune, du 
ehlorure de potassium pur (Kahlbaum pro analysi) par de l’azotate 
mereureux (Merck pro analysi). Apres des decantations repetdes, 
il a ete recueilli dans un creuset de filtration Schott en verre, lave 
a l’eau froide jusqu'A plus de reaction d’ion Cl' ni //*, puis seche, 
a Tobscurite et a 108°, pendant plusieurs heures. Le creuset avec son 
contenu a ensuite etc abandonne pendant 48 heures dans un dessiccateur 
muni de ehlorure de calcium. Lorsque la poudre amorphe ainsi obtenue 
fut remude par une baguette de verre seche, on put observer, a la 
lumiere rouge tamisde, une scintillation assez. intense aux endroits 
oh la baguette touchait le ehlorure mereureux. Apres un temps tres 
court, de 3 k 5 secondes environ, le phenomene disparut completement 
sans pouvoir etre reproduit, pas meme par agitation intense. Tout 
d’abord, nous ramenions le phenomene a l’influence de I’humidite 
atmospherique, notamment pour cette raison qu’il reapparaissait 
avec la meme intensite apres un sejour ulterieur du sel au des¬ 
siccateur et agitation avec une autre baguette, lei encore, il dis- 
paraissait au bout de peu de temps. Pour 6tudier le phenomene, le 
creuset renfermant la substance a ete introduit dans un dessicca¬ 
teur k vide a tubulure laterale par laquelle passait un bouchon de 
caoutchouc portant une baguette de verre. Co dispositif permettait 
d’agiter la substance dans une atmosphere parfaitement seche. L’expe¬ 
rience a toutefois montre que la durde de la ,,scintillation 4k n’en subit 
aucune prolongation. Nous avons constate en outre que si l’agitation 

*) M4mo ire pr4sent4 k la f esk& Akademie vSd a um$nf (Academic tcheque 
des Sciences et des Arts) le 10 novembro 1932. 
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k Fair, c’est-k-dire sans emploi d’un dessiccateur, est successivement 
op4r6e k 1’aide de plusieurs baguettes seehes, aucune des scintillations 
obtenues ne depasse la courte duree initial© et qu’on n’arrive pas k la 
prolonger. Finalement, 1’observation qu’il suffit d’essuyer au moyen 
d’une toile s&che ou une peau la baguette ayant d^j& provoqu^ la 
scintillation, pour lui conferer de nouveau cette aptitude, montra 
clairement que la cause de la disparition rapide de la scintillation 
reside en ce que, pendant l 5 agitation, le bout de la baguette se re- 
couvre d’une faible * couche de chlorure mercureux. 

Une baguette propre ne manque jamais a provoquer la scintillation 
d’un produit donne. En poursuivant nos essais nous nous sommes 
assures que ce curieux phenomene ne se laisse pas expliquer de la meme 
mani&re dans tous les cas, et nous avons 6t6 obliges de chercher des 
analogies chez d’autres luminescences similaires. C’est ainsi que nous 
avons £t6 amen6 a etudier, dans des conditions analogues, la tribo- 
luminescence ou cristalloluminescence qui prend naissance lors du 
broyage du glucose et de l’azotate d’uranyle. Nous avons constate, 
par exemple, que le glucose finement pulv£ris£ (dans un mortier 
d’agate) pr^sente un phenomene analogue, quoique avec moins de 
rapidite. 

Peut-etre doit-on attribuer cette difference au fait que les menues 
particules du calomel amorphe ou microcristallin adherent beaucoup 
mieux a la baguette que les fragments relativement gros des cristaux 
du sucre. L’azotate d’uranyle finement pulverise se comportait de 
meme. Ces analogies peuvent done, tout au moins partiellement, 
fournir l’explication de rorigine du phenomene observe. Nous nous 
sommes occup^s de la question, d’une maniere plus approfondie, 
lors de l’6tude de l’influence de la forme cristalline sur l’intensite de 
l’oscillation. 

De la maniere signalee nous avons fixe le mode op&utoire qu’il 
faut employer pour reproduire le phenomene k volonte. 

D’autres essais avaient pour but de determiner: 

A) les propri6t£s des radiations observees, 

B) leur origine, 

G) les facteurs ext^rieurs par lesquels elles sont essentiellement 
influencees. 


A. Propri6t6s de la triboluminescence. 

1. La teinte se rapproche beaucoup du blanc et possede une faible 
nuance verte. Pour determiner plus exactement la composition de la 
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radiation observe, une analyse spectral© d'information a ete faite. Tout 
d’abord, on a op6r<$ par voie visuelle avec un spectroscope Zeiss k vi¬ 
sion directe et un simple appareil a prisme. L’observation etait con- 
sid^rablement entrav^e par le peu d’intensite de la scintillation et la 
raani&re intermittante et peu commode de son excitation par agitation. 
Au cours de longues experiences, faites a Fobscurite parfaite, le spectre 
a ete entrevu plusieurs fois, il est vrai seulement pour un instant. 
II parait vraisemblable que la radiation absence presente un spectre con- 
tinu, tout au moins peut-on dire presque avec certitude que ce nest pas 
un spectre de raies, 

Les essais faits pour saisir le spectre par voie photographique pre- 
sentaient encore plus de difficultes. Notre dispositif, simple en somme, 
se composait d’un spectroscope a prisme de dispersion peu considerable; 
une chambre photographique a ouverture relativement considerable 
(f: 3*5) etait substitue au collecteur. Bien que le temps de pose out 
ete prolong© jusqu’a 2 heures, la moindre trace de spectre n’a pu 
etre constate©. 

2. Uintensity varie d’une maniere extraordinaire et depend d’une 
foul© de facteurs exterieurs (temperature, traces d’humidite, traces 
de corps etrangers, milieu dans lequel la substance est conserve©, 
forme cristalline, edairage, pression, etc.). L'intensitemaximum s’obte- 
nait constamment avec un produit precipite a l’etat d’une tres fine 
]>oudre amorphe et parfaitement dessechee ensuite. 

Par suite de l'inconstance considerable du phenomene et de son peu 
de duree, l’intensite n'a pu etre determinee photometriquement; 
elle n’atteint certainement qu’une faible fraction d’une bougie nor- 
male, mais dans les cas favorables elle depasse cell© des phenomenes 
de phosphorescence connus (sulfures des metaux du deuxieme groupe 
dans le systfeme periodique, triboluminescence du sucre, etc.). A ces 
faibles intensities il a ete necessaire de tenir compte de la sensibilite 
individuelle de Foeil. Pour obtenir des resultats comparables, Fobser- 
vation de l’intensite a regulierement ete faite a Fobscurite complete. 
En vue de F accommodation de Foeil, la premiere mesure n'a ete 
effectuee que 7 minutes apres l’extinction de la lumiere. 

3. L’action sur la plaque photographique a ete etudiee par une serie 
d’experiences dont l’execution ne diflerait que par Farrangement 
permettant d’envoyer la radiation sur la plaque avec le maximum 
d’intensite, en evitant Fabsorption par tout milieu etranger. 

Dans les premiers essais negatifs la plaque a ete impressionn6e de ma- 
ni&re directe, c’est-4-dire par la scintillation traversant les parois en verre 
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du creuset de filtration. L’impression consistait en 50 courts eclairages 
partiels provoqu6s en agitant, au moyen d’une baguette tenue propre, 
aussi longtemps qu’une scintillation se laissait observer. Plus tard, 
nous photographiions, d’en haut, le creuset entier au cours de la 
scintillation (appareil Schneider, Xenar, / ~ 15 centimetres, ouverture 
relative / : 3-5) et cela a double distance focale (image de meme 
grandeur que l’objet). I/agitation etait op^ree par une baguette en 
verre coudee de maniere a permettre a la radiation d’entrer directe- 
ment dans l’objectif. Le temps de pose a 6te notablement prolonge. 
II est vrai qu’apres developpement il n’a pas ete possible de trouver 
une image du creuset illumine, mais le noircissement de la plaque 
rev&ait nettement l’effet de la radiation. 

Enfin, nous avons essaye d'impressionner une plaque sensible d’une 
fa^on analogue, mais directement, c’est-a-dire sans employer d’appareil 
photographique. Pour eela, la plaque a ete fix^e immediatement sur 
le creuset, et 1’agitation a ete effectuee, ici aussi, a 1’aided'une baguette 
recourbee. Le developpement de 1’epreuve negative a montre que les 
radiations en question sont absorbees dans une large mesure par le 
verre, car, outre la tache foncee produite au voisinage immediat du 
creuset, la surface restante de la plaque n’a ete impressionnee que 
tres faiblement. (Jest a peine si un voile optique a pu etre constate. 

Les essais signals ont mis en Evidence: 1. que le rayonnement com - 
jmanl la scintillation des halogenures mercureux impressionne la plaque 
photographique; 2. quit renferrne des rayons actifs d onde courte qui 
sont absorMs par le verre. 

4. La scintillation observee a pour caractere essentiel d 'etre limitee 
aux halogenures mercureux et mercuriques , c’est-a-dire au chlorure, 
bromure et iodure mercureux, aux chlorure et bromure mercuriques. 
Le fluorure et 1’iodure mercuriques (ce dernier sous ces deux etats 
allotropiques), par contre, ne donnent aucune scintillation. Le 
chlorure mercureux necessaire a ete prepare de la maniere signals 
plus haut, le bromure mercureux, par precipitation analogue, Fiodure 
mercureux, de meme, par double decomposition d’un iodure et d’une 
solution acide d’azotatc mercureux. Le chlorure mercurique a 6te 
employe sous forme d’un produit pur Kahlbaum ou encore pr6par6 
par dissolution d’oxyde de mercure pur (forme jaune) dans l’acide 
chlorhydrique concentre et evaporation k sec de la solution obtenue. 
Le bromure mercurique pur a ete pr6par<£ de manure analogue en 
dissolvant l’oxyde de mercure dans de l’acide brorahydrique redistille. 
Pour obtenir ce dernier directement a lYtat pur, c’est-4-dire exempt 
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de brome libre, on a distille le melange resultant de Thydrolyse 
du tribromure de phosphore. L’iodure mercurique (a Tetat rouge) 
a ete prepare, d’une part, par voie seche en triturant de l’iode avee 
du mercure redistilie, d’autre part, par voie humide, c’est-k-dire par 
precipitation avec sublimation ulterieure. Pour preparer le fluorure, 
nous dissolvions l’oxyde de mercure dans l’acide fluorhydrique con¬ 
centre. Afin d’eviter Fhydrolyse, le produit blanc a etc immediate- 
ment separe des eaux meres et lave, d’abord a 1’acide fluorhydrique, 
puis, apres decantation reiteree, au moyen d’ether ethylique sec. 
Le produit a ete place ensuite dans un dessiccateur oh Ton a fait le 
vide jusqu’a complete elimination de l’ether. Tous nos produits, 
aussi purs que possibles, ont ete etudies dans des conditions egales, 
e/est-a-dire pour une meme duree de dessiccation (24 heures k 180° 
et 24 heures de sejour au dessiccateur) et pour un meme temps d'ac- 
commodation accorde a Toeil de l’observateur. On a constate que 
pour les divers produits I’intensite ne varie pas si toutes les autres 
conditions (surtout la dispersion et Ja forme eristalline) restent les 
memes. 

Aucun parmi les autres composes de mercure un peu accessibles n’a 
presente le phenomene de la scintillation. Voici remuneration des sels 
qui ont donne ce resultat negatif: HgO, HgNO 3 , HgSO 4 , HgI 2 .NII i Cl> 
Ug 2 CrO A , Hg(CN) 2y Hg(NO 3 ) 2 , 2 HgO. UgS() v HgCl 2 .2 NH/V. lf 2 0 y 
IIg 2 NH 2 N0 3 , Hg('l 2 .NHjOL IIgS( les deux formes), Hg 2 S(\. Hg 3 (P(\) 2y 
fig />, Hg(NH 3 ) 2 Cl 2y HgCl 2 .2 HgS, NH 2 .HgCl 

Outre les composes du mercure nous avons soumis a 1 ’etude ceux 
des elements apparente au mercure. 

Notre attention a surtout etc dirigee sur 1'argent. Des essais ana¬ 
logues ont ete faits avec certains composes du cuivre (chlorure cuivreux) 
et de l’or (protochlorure et trichlorure). Avec les sels thalleux, 
offrant une ressemblance frappante avec les sels mercureux, quelques 
experiences ont egalement ete effectives (azotate, chlorure). 

Enfln, c’etait le tour des elements plus electronegatifs du deuxieme 
groupe dans le systeme periodique, du zinc et du cadmium, chez les- 
quels nous avons etudie principalement les chlorures et les bromures. 
Chez aucun de ces Aments nous n’avons pu constater une scintillation 
analogue k celle du mercure. On ne saurait affirmer avec certitude 
qu’elle n’existe point, mais dans les conditions de nos experiences il 
a ete impossible de la constater visuellement. 

En ce qui concerne les autres elements du deuxieme groupe, leur 
etude fera l’objet de recherches ulterieures. 
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Le mercure seul ne presente pas non plus de scintillation du genre 
observe. Au cours de notre recherche, si quelqu’un des corps 6tudi6s 
montrait la ,,scintillation 4c , tout au moins k un degr6 moindre, la cause 
a toujours pu etre ramenee a la presence de traces d’un halog4nure 
provenant de la preparation du produit, ou bien k la formation 
ulterieure par d^doublement d’un compost instable (sels complexes 
k base de ehlorure mercurique). Ces cas se sont presentes principale- 
ment chez le cyanure et sulfure (a l’£tat rouge) mercuriques, le ehlorure 
de mercuri-ammonium (HgCl 2 .2 NHJOl . H 2 0), et d’autres. Mais 
dans tous ces cas on a pu, par purification soignee, obtenir des corps 
purs prives de scintillation. 

Une circonstance nous frappait toutefois, e’est que meme des pro- 
duits tres purs de sublim^ coirosif et de broraure mercurique, tant 
qu’ils n’avaient s£ch6 qu’au dessiccateur a la temperature ordi¬ 
naire, presentaient une scintillation relativement tr&s faible. En effet, 
la dessiccation a 110°, prolong^ k 24 heures, a eu pour effet une 
augmentation notable de la scintillation, de sorte que son intensity 
atteignait celle des autres corps etudies, notamment celle du calomel. 
Ce dernier toutefois, meme quand il n’avait pas subi une si parfaite 
dessiccation, offrait une scintillation tres considerable. Ce ne furent 
que les experiences effectu^es plus tard avec la fluorescence en lumi&re 
ultraviolette qui mirent en evidence que la scintillation est une pro- 
prittt caracteristique des seuls halogtnures du mercure monovalent; les 
composts du mercure bivalent paraissent la presenter seulement quand 
ils sont souillts de composts rnercureux , meme si ces derniers s'y trou- 
vent en proportion extremement faible. 

5. Induction . Voici un autre caractere interessant de la scintillation 
en question. C’est le fait que dans certain cas elle n’apparait pas des 
le d6but, mais seulement apres un temps determine. Mais une fois 
produite, elle reapparait constamment et cela avec une intensity crois¬ 
sant jusqu’4 une certaine mesure. La p^riode initiate, oil il est im¬ 
possible d’observer la scintillation, repond done k une sorte d y in¬ 
duction dans le sens photochimique, sans qu’on soit autoris^ pour 
cela d’assimiler ses causes k celles des cas classiques d’induction, celle 
du gaz chlorhydrique par exemple. 

L’induction peut Stre nettement observee surtout quand la radia¬ 
tion est faible, comme c’est le cas pour certains produits d’iodure 
rnercureux insuffisamment dess6ch<§s, si Ton op&re en creusets m6tal- 
liques, en mortier d’agate, et qu’on agite avec une baguette m£tal~ 
lique. D’ailleurs, m&me dans les cas oh il n’y a pas d’induction, il 
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arrive que l’intensite initiale s’accroit pendant un certain temps, plus 
ou moins long, avant d’atteindre son maximum. II est difficile de 
donner des maintenant une explication plausible de cette induction, 
mais on peut soutenir avec certitude son existence. Les objections 
qui rameneraient le phenomene a une accommodation insuffisante 
de l’ceil, sont faciles k r^futer, car les 7 minutes ordinairement 
r^serv^es k F accommodation suffisaient dans la plupart des cas. I)e 
m&me le fait que, toutes autres conditions d’agitation egales d’ail- 
leurs, l’intensite allait souvent en croissant, demontre que l’excita- 
tion de la substance par agitation fait accroftre son aptitude k la tri- 
boluminescence. 

B . Origine de la radiation observee. 

Des le debut, il etait absoluinent evident qu’on etait en presence 
d’un phenomene de luminescence. Or, la temperature de la substance 
ne subissait aucun accroissement au cours de Fagitation, elle n’a 
done pu atteindre nulle part des valeurs telles qu’une radiation 
thermique normale ait pu prendre naissance. 

II ne restait done plus qu’& etablir la nature de la luminescence. Les 
caracteres observes jusqu’ici permettaient, dfes le debut, de conclure 
k Fexistence d’une cristalloluminescence ou d’une triboluminescence, 
il est vrai seulement dans le cas ou serait exclu un pMnomfene tout 
k fait different, k savoir la naissance d’une charge statique electrique 
due au frottement d’un corps contre le milieu qui l’entoure et dormant 
lieu a une discharge scintillante. Pour qu il soit possible de designer 
la triboluminescence comme seule vraie cause du phenomene observe, 
nous nous sommes attaches a exclure d’abord Fexistence de la cristallo¬ 
luminescence et des charges eiectriques, et apres seulement celle des 
autres especes de radiation. 

1. Exclusion de la cristalloluminescence. La radiation observee n’ap- 
paralt jamais spontandment , mais est due a une impulsion ext&rieure 
(frottement par une baguette, broyage des cristaux dans un mortier). 
La formation des menues particules de calomel ou de bromure mer- 
cureux lors de la precipitation k Fobscurite parfaite n’est accompagnee 
d’aucun rayonnement visible, de meme la cristallisation des halog£- 
nures mercureux dans leurs solutions aqueuses chaudes ne produit 
de luminescence ni lors d’un refroidissement lent ni lors d’un re- 
froidissement brusque, done dans des conditions oh les dimensions 
des cristaux peuvent varier dans des limites considerables. 11 n’en va 
pas autrement si l’on imprime des mouvements aux cristaux qui 
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viennent de se former ou qu’on les fait heurter contre les parois du 
vase: aucune luminescence n’a lieu. De m6me le passage brusque du 
calomel amorphe ou microcristallin a F£tat macrocristallin, tel qu’on 
le realise par refroidissement k l’aide de Fair liquide, donne des r£- 
sultats absolument negatifs. 

Les faits qu’on vient de signaler et Fexp6rience acquise en 6tudiant 
l’influenee exerc^e par le degr6 de division (voir plus bas) permettent 
d’affirmer que dans le cas qui nous occupe, il ne s’agit pas de crisUdlo - 
luminescence . 

2. Exclusion d'une charge electrique, Des soins particuliers ont ete 
apportes a cette preuve negative. Un essai temoin op£r£, avec un 
creuset en verre vide et une baguette propre, a donne un resultat 
tout a fait negatif. Ce sont done les composes de mercure qui jouent 
ici un role ddcisif. La question de savoir si la presence du verre (mau- 
vais conducteur de Felectricite et qui acquiert aisement des charges 
61ectriques par frottement) est neecssaire, a ete decidee par la consta- 
tation que la ,,scintillation “ a lieu aussi en ereusets de verre poli ou 
de porcelaine, en mortier d’agate, voire meme en creuset de fer ou de 
platine. II est sans importance si le creuset est parfaitement isol<$ au 
point de vue electrique ou qu'il soit mise a la terre. L’intensite ob- 
servee est la meme dans tous ces cas. 

La matiere dont est confectionnee la baguette, ne joue pas non plus 
un role important. La scintillation se produit indifferemment en em- 
ployant des baguettes m^talliques (laiton, platine), en porcelaine, en 
bois, en charbon, en ebonite, etc., il est vrai que sou vent avec une 
intensity tres faible. De meme si Fon opere avec un creuset de fer ou 
de platine, Fintensite do la scintillation est assez faible par rapport 
k celle observe© avec un creuset en verre, ajoutons qu’avec un creuset 
de fer elle est sup<$rieuro a celle qu’on trouve dans le cas du platine. 
La cause doit sans doute etre cherch6e dans Firregularit6 (rugosite) 
de la surface, k moins qu'il ne s’agisse d’une influence d’ordre 
chimique (catalytique). Autre observation importante: la charge 
statique 6ventuelle, n6e sur la baguette en verre lors du frottement 
par le linge, ne saurait jouer aucun role, car la scintillation apparait 
m6me alors que la baguette en est parfaitement privee avant de s’en 
servir (par le contact de la main ou le passage dans une damme). 
Ni Fisolement ni la mise k la terre des baguettes n’ont la 

moindre influence. On a m£me essays un melange de chlorure mer- 
eureux et de mercure metallique (dont 100 parties renfermaient plus 
de 50 parties de ce dernier). Mais ce melange, compost en majeure 
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parti© d© mercur© libre, parfait conducteur de l’electricite, pr&ientait 
lui aussi nettement 1© ph^nomene de la scintillation. 

L© s©ul essai a resultat negatif etait celui oil Fon cherchait a pro- 
duir© la scintillation sur du chlorure mercureux emprisonne dans un 
creuset metallique (d© platine), a 1’aide d’une baguette metallique (en 
laiton). L’isolement, la grandeur de la pression, le degre de dessic- 
cation et d’autres facteurs ont ete exactement verifies sans que, dans 
aucun cas, on ait pu constater la moindre scintillation. Soulignons 
qu© dans ces essais le temps d’accommodation de Paul a ete prolong©© 
jusqu'a 20 minutes. 

Les experiences concluantes, faites pour verifier une charge elec- 
trique eventuelle, ont ete effectuees k l’aide d’un electrometre a feuilles 
sensible. L’appareil employe avail une capacite de 5 centimetres, une 
armature relive a la terre, un bouchon de soufre fondu, une feuill© 
d’aluminium. Sa sensibilite ressort du fait qu'un faible frottement de 
la baguette en verre par un linge sec suffisait pour produire une charge 
correspondant k un ecart considerable sur l’echelle de lelectrometre. 
Les mesures ont ete faites en lumiere rouge tamisee, pour qu’on put 
observer la feuille et, en meme temps, eontroler l’intensite de la radia¬ 
tion; le produit etudie montrait, a robscurite, une scintillation tres 
intense. Apres 1’activation de la substance, lorsque aucune radiation 
iF etait plus perceptible, le bout de la baguette avec sa- couch© d’ad- 
hesion de chlorure mercureux a ete approche de la tige de l’electro- 
scope. On n’a jamais pu constater d’ecart. Pour nous assurer que ce 
resultat negatif n’etait pas du a la neutralisation de la charge de la 
baguette par celle du corps adherant, le contenu du creuset a etc 
connect©, au moyen d’un fil metallique, avec l'clectroscope. Pas memo 
alors il n’a et© possible de constater aucun ecart. 

Enfin, une mem© experience a ete effectuee en employant un creuset 
de verre avec mise a la terre d’une tige en laiton, et avec un creuset 
d© platine qui, isole lui-meme, etait connects avec la feuille de lelectro- 
scope. Cependant, l’experience n’a revel© aucune charge. Ce qu’on vient 
de signaler suffit pour demontrer que Teffet de radiation observe nest 
pas determine par une charge d’electricite statique produite par le 
frottement d© deux milieux inegaux. 

Les essais d© scintillation faits dans Pair ionise, qui empeeherait 
certainement la decharge par etincelles, ne sont pas non plus sans 
importance. 

A du chlorure mercureux pur ©t sec, pr^sentant une ,,scintillation' 4 
considerable, nous avons ajoute un exc^s d© trioxyde d’uranium ren- 
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fermant du radium. La proportion du premier etait de 0*2 gr pour 
0*55 gr du dernier. Apres un court sejour au dessiccateur on a proc6d6 
aux mesures. La scintillation persiste surtout aux endroits oil le 
chiorure mercureux se trouve seul, tandis qu’elle n’apparait pas dans 
le melange. Cela n’est evidemment pas du a l’ionisation de Fair, 
laquelle est sans doute considerable k l’interieur du creuset, mais 
d’un corps etranger. 

Une ionisation encore plus parfaite a ete provoqu^e au moyen de 
produits tres concentres de chiorure de radium (jusqu’a 300 mgr) 
emprisonnes dans un verre de 0*5 mm environ d’epaisseur, de sorte 
que c’etait principalement les rayons y qui entraient en ligne de 
compte. Nous avons pu constater que la scintillation des sels mercu¬ 
reux a lieu meme lorsque ces sources de radiations energiques se 
trouvent k leur voisinage immediat. Ajoutons que ces essais etaient 
f&cheusement genes par la propre radiation du radium, forte celle-ci, 
et la fluorescence des sels mercureux. De meme les produits irradies 
par les rayons ultraviolets d’une lampe de quartz, subissent Fexci- 
tation par le frottement et emettent des radiations. 

Toutefois, la preuve definitive a ete fournie seulement lorsque nous 
avons reussi k produire la scintillation d Vexclusion de tout milieu 
Stranger a constante dieiectrique differente. Par sublimation rapide 
du chiorure mercureux pur il nous a ete possible de preparer des 
morceaux compacts et solides de ce sel, epousant la forme du tube 
de sublimation et presentant une surface lisse. Si Fon frotte Fun 
contre Fautre deux produits pareils, il y a positivement tribolumi- 
nescence. Faisons remarquer que les conditions de preparation des 
deux morceaux de substance etaient absolument identiques, de sorte 
que les deux produits ne pouvaientdifferer Fun deFautre ni au point de 
vue physique ni au point de vue chimique. Le seul cote faible de ces 
experiences etait peut-etre la violence de la sublimation (k une tempe¬ 
rature depassant 300°). Dans ces conditions, en effet, le calomel subit 
dejit un dedoublement partiel avec formation de petites quantites de 
mercure, surtout lorsqu’on op£re k la lumiere. Mais les objections 
qu’on pourrait formuler k ce sujet, ont ete detruites par une experience 
ulterieure que voici: 

Deux tubes capillaires k parois epaisses, recourbes de 180° au 
milieu et par lesquels on faisait circuler de l’eau froide, ont ete recon¬ 
verts, par sublimation k la meme temperature 200°, d’une fine couohe 
de chiorure mercureux. La volatilisation de ce dernier a ete operee, avec 
precaution, au moyen d’un bain d’huile dans lequel plongeait le vase 
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renfermant le produit pur et sec. La sublimation ne se faisait que 
tres lentement et ce n’est qu’au bout de quelques jours que le d6p6t 
presentait l’<$paisseur suffisante. Lorsque les deux couches de fins 
cristaux ainsi obtenues furent legerement frottees Tune contre l’autre, 
une scintillation nette se produisit. 

L’ensemble de ces essais d^montre que le phenomene en question nest 
nullement causd par une ddcharge electrique a dtincelles . 

3. Exclusion de la phosphorescence. Pour decider si la scintillation 
n’est pas tout simplement une phosphorescence de courte duree, les 
produits fortement eclair^s ont ete observes visuellement, a 1’obscu¬ 
rity, immediatement apres l’^cartement de la source lumineuse. 11 ny 
a jamais eu de phosphorescence, que l’eclairage primaire fut constitue 
par la lumiere solaire, les rayons ultraviolets ou en fin le rayonne- 
ment y. II n’a pas non plus 6t£ possible de deceler la phosphorescence 
par voie photographique. Dans ces essais, le temps de pose etait de 
48 heures et 1’excitation a ete plusieurs fois repetee. 

Par ces moyens, simples en verite, nous avons d^montre que le 
phdnomhne observd n a rien a faire a la phosphorescence. 

4. Rapport de la scintillation a la fluorescence en lumifoe ultraviolette . 
Les travaux initiaux deLehmann, mis aupoint,plustard,par Wolf, 2 ) 
portent principalement sur la fluorescence du chlorure et du bromure 
mercureux. Wiedemann 3 ) mentionne, il est vrai, d’autres composes, 
mais opere uniquement dans le domaine des longueurs d'onde de la 
lumiere visible. Suivant les observations de Wolf les halogenures 
mercuriques presentent, eux aussi, une faible fluorescence, mais seule- 
ment dans le cas d’une souillure par de faibles quantites de sels 
mercureux. iStant donne que la scintillation en question apparait, elle 
aussi, avant tout avec les sels mercureux, alors qu’elle est beaucoup 
plus faible pour les sels mercuriques, on peut supposer que la ,,scin¬ 
tillation “ du chlorure et du bromure mercuriques est due a de faibles 
traces de mercure monovalent. 

Une comparaison rapide a foumi des resultats concordants et tout 
a fait int^ressants. Le sublime corrosif absolument pur (Merck pro 
analysi), soigneusement priv6 d’eau au dessiccateur et ne presentant 
qu’une scintillation insignifiante, montrait, en lumiere ultraviolette, 
une fluorescence jaune extremement faible. De meme le bromure 
mercureux prepare avec soin en creuset de verre et avec qui la scintil¬ 
lation se montrait non pas au sein de la substance elle-meme mais 
seulement au rebord du creuset, a moutre, en lumiere ultraviolette, 
une fluorescence orange tree intense, ici encore au rebord du creuset 
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et an residu du verre de montre, alors que Finterieur restait obscur. 
Un bromure mercurique de preparation ancienne, pr^sentant une 
scintillation intense, produisait une fluorescence aussi forte que le 
bromure mercureux pur. II ressortait de ces essais pr&iminaires que 
dans le cas ou Ton reussirait k preparer le sublim£ corrosif a F^tat 
de puret6 complete, c’est-a-dire sans aucune trace de calomel, un tel 
produit ne presenterait ni scintillation ni fluorescence. Nous avons 
tache de resoudre ce probleme difficile par deux voies diff&rentes dont 
Tune seulement nous a donne un resultat confirmatif, tandis quel’autre 
voie n’a pu etre utilisee pour des circonstanees impr^vues. 



Avant tout, nous avons effectue la synthese du sublime corrosif 
a partir du chlore parfaitement pur (prepare par les methodes employees 
dans les determinations d6s poids atomiques) et du mercure redistill^, 
pur et sec. Le dispositif employe ressort de la figure ci-dessus, Le 
chlore a ete prepare en employant F arrangement original d£crit par 
J. Kfepelka 4 ) k propos de la synthese du ehlorure d’aluminium 
servant k etablir le poids atomique de F aluminium. Le chlore d£gag6 
a 6 amenc (avec emploi exclusif de tubes en verre et de rodages 
a l’emeri) dans un tube en verre dur oil Ton avait place une nacelle 
de porcelaine renfermant du mercure sec. Le tube en question portait 
une allonge en verre terminee par une ferrnoture k acide sulfurique. 
Avant d’etre mis en marche, tout l’appareil a soigneusement 
nettoye, seche et assure centre la rentree de Fair exterieur. La syn¬ 
these a 6te operee avec beaucoup de lenteur, k la temperature du 
laboratoire (20—22°), k Fobscurit^ complete. Le produit form£ a 6t& 
transfer^, rapidement et au sein d’une atmosphere inerte et s&che, dans 
un creuset de platine, puis examine dans un dessiccateur k vide. II 
montrait une scintillation nette et une forte fluorescence jaune. D’apr&s 
notre experience il <§tait done consid^rablement souilte de calomel. 
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Pour controler ce r&mltat, une analyse du produit a ete faite et qui 
n’y r^v^la que 68*87%, le reste ^tait constitue par du chlorure mercu¬ 
reux et du mercure finement divise, Oe resultat, bien qu’il ne donne 
pas de r^ponse affirmative a la question posee plus haut, n’est toute- 
fois pas sans importance. II montre, en effet, que Ja preparation du 
chlorure mercurique pur a partir de ses elements ne se laisse realiser 
pas meme alors qu’on opere a basse temperature, a Vexdusion de la 
lumiere et en milieu parfaitement sec. 

Dans le deuxieme essai, nous avons recristallise avec beauooup de 
soin le sublime corrosif Merck (pro analysi) pour le debarrasser des 
traces de calomel. En suivant les indications de Wolf nous avons 
cherch£ a £liminer, dans la recristallisation, l’influence 1° de la tempe¬ 
rature (le chlorure mercurique sec commence, en effet, a sublimer des 
80° avec dedoublement partiel en chlorure mercureux), 2° de la lumiere 
(les solutions de chlorure mercurique sont instables) et, enfin, 3° de 
Falcalinit^ du verre. Dans une ca])sule de quartz, soigneusement net- 
tovee, on a prepare, a la lumiere inactinique, une solution saturee 
a 40°. Oelle-ci a etc passee. par un filtre en porcelaine, dans une capsule 
en platine placee sous une cloche de verre dans laquelJe on avait fait 
le vide. Le filtrat a etc rnaintenu a — 4° pendant 24 heures. 

Le chlorure mercurique pur, qui s'etait separe en belles aiguilles 
blanches, longues de plusieurs centimetres, a etc seche, en capsule de 
platine, & la temperature ordinaire et k l’abri de la lumiere, sous la 
cloche d’un dessiccateur, dans le vide phosphorique. Apres une des- 
siccation prolong^e k plus de 10 jours, le produit, seche finalement 
en creuset de platine, a ete examine. L’agitation avec une baguette 
en verre no provoque a ueun e radiation, pas meme apres un temps assez 
prolonge. En lumiere ultraviolette, il n'a pas montre de fluorescence 
jaune qui aurait r^vele la moindre trace de compose mercureux. 

La conservation ulterieure du produit en creuset de porcelaine if a 
I>as change la stability du produit. 

Toutefois, lorsque la substance a ete expose a Faction prolongee 
d’une lumiere intense (48 heures, lampe & incandescence de 200 Watt 
a 30 centimetres de distance), on a pu constater une faible scintil¬ 
lation, visible aux rebords du creuset, sans qu’il fut possible d’ob- 
server la fluorescence jaune caracteristique du chlorure mercureux. 
Un changement essentiel s’est produit lorsque le produit a ete seche, 
pendant 24 heures, k 100°. II pr^sentait alors une scintillation nette 
et une forte fluorescence jaune, surtout aux bords du creuset et sur 
le verre de montre. 
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Void ce qui ressort des experiences ci-dessus: 

a) Les produits de sublimt corrosif et de bromure mercurique dont la 
purett rtpond a la pharmacopte et qui sont designed comme „purissimum 
pro analysi li , renferment toujours une proportion de sel mercureux trks 
faible , introuvable par Vanalyse chimique. 

b) Ces traces d’impuretts ne se laissent £carter que difficilement . Elies 
prennent naissance lorsque les produits purs sont soumis a Vaction de 
Valcalinitt du verre on a celle de la chaleur . 

c) La scintillation observte des derives halogtnes du mercure est spt- 
cifvque des seuls sets mercureux . Son apparition chez les autres composts 
de mercure est rtgulierement due a une faible teneur en compost mer¬ 
cureux . 

d) La scintillation const Hue une preuve plus sensible de la prtsence 
de ces produits de dicomposition des halogtnures mercuriques que la 
fluorescence en lumiere ultraviolette . 

e) Tandisque la stabilitt des composts mercureux dtcroit dans la strie 
chlorure , bromure , iodure, celle des sels mercuriques s'accroit dans le 
meme ordre } ce qui comporte la diminution progressive de leur tendance 
d engendrer des composts mercureux sous Vaction des facteurs physiques 
et chimiques signalts ci-dessus . 

Aux temperatures elevees (vers 120°) la fluorescence disparait et 
cela presque simultanement pour tous les corps observes. Le fait pre¬ 
sente certainement de l’interet, car il temoigne d’une connexion etroite 
existant entre la triboluminescence et la fluorescence. 

5. Exclusion de la chimiluminescence , de la lyoluminescence et de 
Vinfluence excrete par le mode de preparation de la substance observte. 

fitant donne la sensibilite du ph4nom&ne vis-a-vis des facteurs 
extdieurs (voir plus bas) on ne pouvait pas exclure la possibilite 
que son origine fut purement chimique. Malgre que dans la prepara¬ 
tion des produits studies on soit parti de mati&res premieres aussi 
pures que possible, et que toutes les operations aient 6t6 faites dans 
des vases soigneusement debarrasses de toute impurete, on ne pouvait 
avoir aucune garantie de Fabsence de reactions extremement lentes, 
il est vrai, mais accompagnees de luminescence. Pour cette raison, 
nous avons etudie d’abord Finfluence du mode de preparation du 
calomel sur Fintensity de la scintillation. Outre le procedd de precipi¬ 
tation dej& decrit nous preparions ce sel aussi par sublimation d’un 
melange de chlorure mercurique et de mercure metallique en tubes 
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d© verre dur scelMs. L’exces de chlorur© mercurique a ete elimin4 par 
une extraction k l’eau, Fexces de mercure, par de Facide azotique 
dilu& Toutefois, le r^sultat obtenu etait le meme que pour le produit 
pr6par6 par precipitation, en tenant compte, bien entendu, de la 
difference de leur forme cristalline. II en est de meme pour le ehlorure 
mercureux synthetis6 a partir du chlore et du mercure, meme alors 
que Fexces de ehlorure mercurique (forme simultanement) a 6t6 eii- 
mine. La meme remarque s’applique au bromure (prepare soit par 
precipitation, soit par sublimation), et k Fiodure. Toutes les formes 
de ce dernier, depuis la jaune jusqu’a la vert fonce, se comportent de 
la meme mani&re, de meme un produit obtenu en triturant- Fiode avec 
du mercure humecte d’alcool, pr^sentait une ,,scintillation“ tout a fait 
normale. 

La variation du mode de preparation des sels mercuriques n'a pas 
non plus produit de variations de leurs proprietes. 

Aucune difference ne peut etre constate si Fon opere avec des pro- 
duits ayant retenu un faible exces d'ion chlore. Des calomels dont 
les filtrats de lavage ne renfermaient pas meme les traces d'ion CV 
decelables au nephelometre, montraient la meme scintillation que les 
produits renfermant, j>ar exemple, une faible proportion de ehlorure 
de sodium (0*000068 yr de NaCl pour 4 gr de calomel). L’elimination 
ulterieure de l’ion chlore n’y a rien change. 

11 parait done que de faibles concentrations en ion chlore n'influent 
pas sur la scintillation. Signalons a ce propos encore les essais relatifs 
a la lyoluminescence du calomel. L’action des divers solvants n’a pu 
etre etudi^e, Feau regale etant le seul qui le dissolve dans une mesure 
un peu considerable. Toutefois, dans ce processus, qui evidemment ne 
constitue pas une dissolution dans le sens de la physique, aucune 
scintillation n’a pu etre observe©. La preparation du ehlorure mer¬ 
cureux par voie humide n’est pas non plus aceompagnee d'une emission 
de rayonnements visibles. 

On peut deduire des experiences decrites ci-dessus que la scintilla¬ 
tion des halogenures mercureux n’est produite par aucune reaction 
secondaire s’accomplissant au sein de la substance elle-meme, par con¬ 
sequent ne murait etre consideree comme une chimiluminescence . 

6. Exclusion de la thermoluminescence . La pression specifique assez 
forte qui se produit lors du frottement des particules, determine un 
rechauffement local de la substance. Pour parer a Fobjection que la 
cause du ph6nom&ne pourrait etre ramenee k la thermoluminescence, 
des essais sp6ciaux ont faits dans lesquels le ehlorure mercureux 
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sec a ete, soit fortement chauffe, soit fortement refroidi. Une fine 
plaquette en porcelaine, portae au rouge, a ete observe© a l’obscurite 
jusqu’a cessation de rayonnement visible; puis on y a verse une 
petite quantite de chlorure mercureux. Dans d’autres essais, on a 
op6r£ k des temperatures plus elevees, pendant que la plaquette 
4mettait encore une faible radiation rouge. Dans aucun de ces essais 
il n’a ete possible de constater une scintillation qui pfit rappeler les 
phenomenes habituels de thermoluminescence (radiation emise par le 
fluorure de calcium fortement chauffe). Un refroidissement energique 
au moyen de Fair liquide n'a pas eu d’effet non plus. 11 est done evident 
quit ne s'agit pas d’une thermoluminescence. 

Le fait que, en dehors du frottement (sans elevation sensible de la 
temperature), aucun des facteurs etudies ne provoquait la scintillation, 
amene k la conclusion iogique que la radiation imise par les halogdnures 
mercureux (et les halogen ures mercuriques souilUs d'eux) nest autre 
chase qu 'une triboluminescence . 
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ARGENTOMETRIC ESTIMATION OF IODIDES USING CINCHONINE- 
BISMUTH NITRATE AS INDICATOK 

by R. UZEL. 

For a visual argentometric titration of an iodide even in presence 
of the other halides several indicators have been recommended; thus 
for the titration of iodides in presence of chlorides different derivatives 
of fluoresceine by Fajans and Wolff, 1 ) of iodides in presence of 
bromides and chlorides starch iodine in a solution containing ammo¬ 
nium carbonate by Kolthoff. 2 ) The use of Fajans’ indicators 
depends first of all on the adsorption relations of the silver halide in 
question and is rendered much more difficult in presence of morevalent 
cations: starch iodide cannot be used as indicator in presence of 
cyanides and of substances reducing iodine to iodide. Otherwise oxidi- 
metric and especially potentiometric methods are used for titrating 
iodides, studied in this country by Tomlcek 8 ) in a series of investi¬ 
gations. 

The present author applied a specific reaction which the iodide 
ions give in an acid medium with cinchonine and bismuth nitrate. 
In presence of these reagents and an iodide a red-orange coloured 
precipitate is formed having the composition C X9 H^N 2 0 . HBil This 
reaction reversed was applied already as a test for bismuth by Leger 4 ) 
and microchemically by Feigl and Neuber. 5 ) 

The titration is made as follows: a part of the iodides in solution 
is converted by means of the indicator, which is a conveniently chosen 
mixture of cinchonine nitrate and bismuth nitrate, into the mentioned 
intensely red-orange coloured compound, and then titrated with a 
solution of silver nitrate. First the free iodide Agl is precipitated, 
whereafter a reaction takes place which can be formulated thus: 
Vi . HBiIt + 4 Ag = 4 A<gl+ Ci+ £T+ Bi”, (Ci = molecule of cin¬ 
chonine). 

As soon as all iodine is bound as Agl , the red colour of the compound 
disappears, only the light yellow silver iodide remaining suspended 
in the titration liquid. At the end of the titration the red compound 
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is adsorbed by the precipitated silver iodide imparting to it a red- 
yellow colour; as soon as the equivalence point is reaohed, one single 
drop of a 0*1-w. AgNO z solution suffices to change the colour of the 
precipitate into light yellow. This colour change, distinct also in 
artificial light, is especially conspicuous, when a comparison is made 
with the colour of a simultaneously prepared suspension of silver iodide. 

Experimental part. 

0*l-n solutions of silver nitrate and potassium iodide were prepared 
by dissolving 16*989 grs of the former and 16*603 grs of the latter 
(both Merck’s samples pro anaiysi) and diluting to 1000 ccs. The titre 
of the potassium iodide solution was ascertained potentiometrically 
using Poggendorif’s compensation method, 10*000 ccs of this solution 
corresponded to 10*05 ccs of the silver nitrate solution (mean of 
three observations). 

As indicator a solution of the nitrates of cinchonine and bismuth 
in equivalent proportions was used. Preparation: 2*33 grs of bismuth 
sesquioxide were dissolved in 10 ccs of hot nitric acid (d 1*4); in 
this solution somewhat diluted with water 2*94 grs of cinchonine were 
dissolved. After dilution to 100 ccs 0* 1 gr of urea was added in order to 
decompose the eventually present nitrous acid. The colourless solution is 
absolutely stable. For a titration usually 0*5—1*0 ce (10—20 drops) of 
the indicator was used (if the amount is not expressly stated). 

Sensitivity of the reaction: 0*1 mgr of iodine as iodide reacts di¬ 
stinctly with two drops of the indicator in 1 cc of water. —The sensiti¬ 
vity can be increased about five times when benzoylcinchonine is 
used instead of cinchonine. 6 ) This compound was prepared according 
to Schutzenberger. 7 ) For the usual apaounts of iodides (0*005 to 
0*5 gr), however, the indicator with cinchonine suffices. 

The sensitivity of the reaction depends further on the acidity of 
the reaction solution. As was ascertained by a series of experiments 
the reaction is most sensitive at a pH equal to about 2*4. However, 
a somewhat higher acidity of the titrated solutions (pH equal to 
about 1*6) is preferable, because the transition of colour is then 
sharper. As indicator of the right hydrogen ion concentration a 0*2% 
alcoholic solution of 2-6-dinitrophenol may be conveniently used, 
of which a few drops are added to the titrated liquid acidified with 
nitric acid until as the yellow colour of the solution just disappears. 
Then the cinchonine-bismuth indicator is added and the solution 
titrated with silver nitrate. 
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I. Estimation of iodides. 

To a solution (10—50 ccs) of iodide, the concentration of which 
is at least O'005-normal, 3—5 drops of 2-n nitric acid and 0*5 to 
10 cc of the cinchonine-bismuth indicator are added, whereby a co¬ 
pious red-orange coloured precipitate is formed. The solution is then 
titrated under motion with 0*1 -n AgNO z , until the precipitate, which 
shows just before the end of the titration a distinctly reddish hue, 
becomes purely yellow. 1 cc of the 0*1 -n AgNO 3 solution corresponds 
here to 0*012693 gr of iodine. 

Table I gives a summary of results for different amounts of iodide. 
As a correct value we use that ascertained by the potentiometric 
titration (10*0 ccs of the solution of V correspond to 10*05 ccs of the 
solution of Ay'). 

Table J. 


No.: 

Ccs of 

01 -n K1 
taken: 

Ccs of 

0‘1-n AgNO a 
spent: 

Difference 
in cc of 
0*1 -» AgNO H 

Volume 
of the liquid 
in ccs:*) 

1 

0-50 

0*50 

0*0 

10 

2 

1*00 

0*98 

— 0*03 

10 

3 

2*00 

1*99 

- - 0*02 

15 

4 

3*00 

3*00 

— 0*02 

15 

5 

4*00 

3*97 

— 0*05 

15 

6 

5* 00 

5*00 

— 0*03 

15 

7 

6*00 

5*98 

— 0*05 

20 

8 

8*00 

7*98 

— 0*06 

20 

9 

10*00 

10*00 

— 0*05 

30 

10 

15*00 

15*00 

— 0*08 

30 

11 

20*00 

20*10 

0*0 

30 

12 

25*00 

25*20 

4- 0*07 

40 

13 

30*00 

30*20 

f 0*05 

50 

14 

50*00 

50*40 

+ 0*15 

50 

As is seen, 

the results 

are satisfactory, 

mostly by 

some hundreth 


of a cc lower than the values corresponding to the potentiometric 
estimation. The mean titration error is here —0*5%. This can be 
easily explained by the solubility of the cinchonine-bismuth iodide 
in the reaction medium. 


*) At the beginning of the titration. 

27 * 
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Small amounts of iodide (0-5—10 mgs) can be titrated conveniently 
with a 0*01-w solution of silver nitrate. The volume of the liquid must 
be, however, comparatively smaller. Only 3—5 drops of the indicator 
are added in this instance; no acid is added, because the acidity of the 
indicator is sufficient. The results are summarized in Table II. 



Ccsoi 

Table 11. 

Ccs of 

Difference 

Volume 

No.: 

0*01-n K1 

0*01-n AgN0 2 

in ccs of 

of the liquid 


taken: 

spent: 

0-01-n AgNO,: 

in ccs : 

1 

050 

0*43 

— 0-07 

2 

2 

POO 

0*90 

— 015 

2 

3 

200 

1*87 

— 015 

5 

4 

3*00 

2*83 

— 019 

5 

5 

5*00 

4*75 

— 0-28 

10 

6 

10*00 

9*80 

— 025 

10 


The differences are here — in view of the solubility of the Ci . HBiI A 
— of course, larger than in titrations with a decinormal solution 
(—0*07, to —0*28 cc of the 001-/i AgNO z ). 

The titration of iodides by this method is advantageous, especially 
in presence of a larger amount of such cations and anions which do 
not disturb the titration, as far as they are not precipitated by the 
iodide in acid solution or do not oxidize it. If the mentioned conditions 
for the titration are maintained, the following cations do not cause 
trouble, as was ascertained experimental: Cd”, Sb”\ Sri', Sri 
Al”\ Mri\ Ni \ Co” (the last two if they are not present in a con¬ 
centration so high that the observation of the colour transition at 
the equivalence point would be impossible), Zri’, Ba”, Sr”, Ca\ Mg”, 
K\ Na , Li', NH 4 . — Presence of the following anions is admissible: 
SO A ", SO a", Sft e " (advantageous in estimating iodine after reduction 
with thiosulphate), B£>j', F\ POAsO z ”', AsO 4 "', NO z ', CIO 4 ', 
CH z COO\ (COO) 2 '. In presence of a larger amount of phosphate or 
arsenate, which precipitate bismuth from the solution of the indicator, 
it is necessary to add so much cinchonine-bismuth nitrate, that the 
red orange colour of the precipitate does not disappear. — If some of 
the iodide in solution has been oxidized, it is best reduced before 
the titration by adding a small amount (0-1 gr) of NaHSO z . 

The influence of anions, which are precipitated even in acid solution 
by the silver ion, on the titration of iodides (the so called anions of the 
second analyt. class) is described in the following sections. 
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II. Estimation of iodides in presence of chlorides. 

Chlorides are not precipitated with cinchonine-bismuth nitrate from 
an acidified solution; for this reason iodides can be titrated in presence 
of chlorides without difficulty, if only the equivalent concentration of 
chlorides is not more than about twenty times as large as that of the 
iodides. If it is larger (above l-n), the precipitate of cinchonine-bismuth 
iodide dissolves distinctly in the liquid, probably because chlorocom- 
plexes of tervalent bismuth are formed. The results are then lower for 
iodine. — For lower concentrations of chlorides the results are satis¬ 
factory, as is shown in Table III: 


Table III. 


o.: 

Cc8 of 

01 -n KJ 
taken: 

Amount 
of chloride: 

CCS of 

01 -w AgNO. A 
spent: 

Difference 
in ers of 
0*1-w AgNO s : 

Volume 
in ccs: 

1 

100 

1 cm 3 1 -n KCl 

1*00 

0*0 

20 

2 

100 

2 cm 3 l-7i KCl 

100 

0*0 

20 

3 

100 

5 cm 3 1-77 KCl 

0*96 

— 0*04 

20 

4 

500 

0*75 g KCl 

4-87 

— 0*16 

20 

5 

500 

1*50 g KCl 

4-60 

— 0*43 

20 

6 

1000 

1*17 g NaCl 

9*80 

— 0*25 

30 

7 

20*00 

1*17 g NaCl 

19*90 

— 0*20 

30 

8 

20*00 

1*17 g NaCl 

19*90 

— 0*60 

30 


+ 1*50 g KCl 

The procedure followed in presence of a large amount of chlorides 
is treated in section IV. 

III. Estimation of iodides in presence of bromides. 

Bromides form with a solution of cinchonine-bismuth nitrate a white 
precipitate with a yellowish tinge (of about the same colour as that of 
silver bromide). In presence of a very small quantity of iodide the pre¬ 
cipitate is orange coloured. If after addition of the indicator solutions 
with the proportion Br' larger than about 1: 4 are titrated with 
silver nitrate, the transition for the iodide titration is not sharp, and 
the end is found after addition of more silver nitrate than would cor¬ 
respond to the actual concentration of the iodide. 

In order that the titration may be correct even in presence of a larger 
amount of bromide, it is necessary to suppress its dissociation in the 
solution. Because also here— as in the presence of chlorides— the total 
concentration of the bromide itself is more important than the ratio of 
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concentrations of iodide and bromide, it is irrelevant, if the dis¬ 
sociation of iodide is lowered at the same time. 

From the numerous modes tried the best one is to titrate in presence 
of some organic liquid soluble in water; of these the most preferable is 
isopropylalcohol (dimethylcarbinol) which suppresses considerably the 
dissociation of halides and does not increase the solubility of the cincho¬ 
nine-bismuth iodide, lowering it on the contrary (in contradistinction 
to lower alcohols and acetone). 

The suppression of dissociation was deduced from the lowering of 
conductivity of 1 / 80 - and VlOO -n solutions of KBr and KI respectively 
in comparison with aqueous solutions of the same concentration. It 
was found that the conductivity of solutions of the mentioned salts 
in a solution containing 50 volume percent isopropylalcohol is very 
nearly 1 / 3 , in a solution with 90 volume percent isopropylalcohol 1 j i0 
of the conductivity of the aqueous solutions of the same concentration. 
The measurements were made by means of a conductometer with 
optical indication according to Sandera. 8 ) 

The solubility of cinchonine-bismuth iodide in water and in aqueous 
solutions of isopropylalcohol cannot be measured exactly, because the 
compound in a neutral medium, where its dissociation is not low¬ 
ered by an excess of its components (cinchonine, Bi”\ H\ /'), is hydro¬ 
lyzed and splits off more iodide as corresponds to its solubility product. 
Therefore at least the ratio of concentrations of iodide ions was deter¬ 
mined, which are split off from Ci-HBiI A in water and in a solution 
containing 25 and 50% of isopropylalcohol. 

The measurement was made nephelometrically by estimating the 
turbidity caused by silver iodide in filtrates from cinchonine-bismuth 
iodide suspensions in water and alcohol of the mentioned concentration. 
The concentrations of iodide split off after the cinchonine-bismuth iodide 
had been in contact for several hours with water and 25% and 50% 
solutions of isopropylalcohol were very nearly in the ratio 2:1*5:1, 

The found solubility of potassium iodide in isopropylalcohol, in 
comparison to which the solubilities of potassium bromide and chlo¬ 
ride are very small, can be utilized perhaps later on in an extraction 
method for estimating small amounts of iodide (100 grs of saturated 
solutions of these salts contain at 20° C: 1*410 grs KI , 0*052 grs KBr , 
0*037 grs KCl ). 

The titration of iodides in presence of larger amounts of bromides 
presents no difficulties, if to the solution so much isopropylalcohol is 
added that its content in the liquid amounts to about 50%. Then the 
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solution is acidified with 2 -n HN0 3 and cinchonine-bismuth indicator 
is added; the solution is then titrated with 0-1-w AgN0 3 as usual. It is 
advantageous to prepare a solution for comparison (a suspension of 
silver iodide in a 50% solution of isopropylalcohol). — Thus it is 
possible to estimate iodides in presence of bromides, when the ratio 
of equivalents is l'\Br'= 1: 20. — The results are given in Table IV. 


Table IV. 


No.: 

Ccs of 
0*1-74 Kl 
taken: 

Amount 
of KBr: 

Ccs of 

0*1-n AgNOs 
spent: 

Difference 
in ccs of 
AgNO a : 

Volume of 
the orig. 
liquid in ccs 

1 

1*00 

2 cm* 0* 1 -?? 

1*00 

— 0*05 

20 

2 

1*00 

3 cm 3 0*1-74 

0*98 

— 0*02 

20 

3 

1*00 

5 cm 3 0*l-7< 

0*95 

— 0*05 

20 

4 

100 

1 cm 3 1*0-71 

1*03 

-f 0*03 

20 

5 

1*00 

2 Cm* 1*0-74 

0*98 

— 0*02 

20 

6 

5*00 

1*5 cm* 1*0-7? 

4*96 

— 0* 16 

30 

7 

5*00 

2*5 cm* 1*0-7? 

5*10 

+ 0*07 

30 

8 

5*00 

3*5 cm* 1*0-7? 

4*95 

— 0*17 

30 

9 

5*00 

5*0 cm* 1*0-7? 

5*00 

— 0*03 

30 

10 

5*00 

10*0 cm* 1*0-7? 

4*60 

-- 0*43 

30 

11 

10*00 

2*5 cm* 1*0-7? 

9*95 

— 0*10 

40 

12 

10*00 

5*0 cm 3 1*0-7? 

10*10 

4- 0*05 

40 

13 

10*00 

10 cm* l*0-r? 

10*15 

f 0*10 

40 

14 

10*00 

0*2 g NaBr 

10*00 

— 0*05 

40 

15 

10*00 

2*4 g KBr 

9*95 

— 0*10 

40 

16 

15*00 

3*6 g KBr 

15*05 

- 0*03 

50 

17 

20*00 

4*8 g KBr 

19*50 

— 0*60 

50 


When we estimate iodide, it is possible to determine in the same 
solution also bromide either by titration according to Mohr or accord¬ 
ing to Volhard. In the first instance the liquid in which the iodide 
was titrated is neutralized with alkalihydroxyde (using phenolphtha- 
lein as indicator to colourless tone) and after addition of 1 cc of a 5% 
solution of K 3 CrO t titrated with silver nitrate; in the second case, 
after titration of the iodide, an excess of AgN0 3 is added, then 1 cc 
of a 40% solution of ferriammonium sulphate and the solution is 
titrated back with 0'1-n NH X CNS. 

Examples: 1. Taken: 5'00 ccs of 01-» KI + 10 00 ccs of 0-l-» KBr. 
Added 15 ccs of isopropylalcohol, acidified with 2 -n HN0 3 and after 
addition of the cinchonine-bismuth indicator titrated with 0*1-» 
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AgNO z . Spent for 5*00 ccs. Spent for Br' when titrating according 
to Mohr: 10*05 ccs . 

2. Taken: 5*00 ccs of ()*l-n KI + 10*00 ccs of 0*1-n KBr . Spent 
for 5*00 of 0‘1-w AgNO Zi after titration added 15*00 cc* of 
AgNO z and titrated with 0*l-n NH^CNS. Spent: 4*99 ccs , thus spent 
for JSr': 10*01 ccs of AgNO z . 

IV. Estimation of iodides in presence of bromides and 

chlorides. 

Iodides can be estimated in presence of bromides and chlorides 
under the same conditions as in presence of bromides alone. The 
determination is sufficiently accurate when the total concentration 
of both halides (CV + Br') does not exceed about twenty times the 
equivalent concentration of the present iodides. Isopropylalcohol 
which is so prominently useful in the titration of iodides in presence 
of bromides has no apparent effect on the ion CV, This can be ex¬ 
plained by a different behaviour of the ions CV and Br ' towards the 
cinchonine-bismuth reagent, as already mentioned. 

The results given in the table were obtained under the same condition 
as in titrating iodides in presence of bromides. 


Table V. 


No.: 

Ccs of 

0* 1 -n Kl 
taken: 

Amount 
of bromide: , 

Amount 
of chloride: 

Ccs of 
l-n AgN0 9 
spent: 

DifEeroneo 
in ccs: 

Volume 
in ccs: 

1 

1*00 

1 cm 3 0* 1 -n 

1 cm 6 l-n 

0*95 

— 005 

20 

2 

1-00 

2 cm 3 0*1 -n 

1 cm 3 l-n 

0*94 

-006 

20 

3 

1*00 

0*5 cm 8 l-n 

1 cm 3 l-n 

0*98 

— 002 

20 

4 

1*00 

1 cm 3 l-n 

1 cm 3 l-n 

. 1*02 

+ 0-02 

20 

5 

1*00 

1 cm 8 l-n 

2 cm 3 l-n 

0*94 

— 006 

20 

6 

5*00 

0*5 cm 3 l-n 

5 cm 3 1 -n 

4*90 

— 013 

40 

7 

5*00 

1 cm 8 1-w 

5 cm 3 1 -n 

4*80 

— 023 

40 

8 

5*00 

2*5 cm 8 l-n 

5 c?n 3 l-n 

4*83 

— 0-20 

40 

9 

5*00 

5 cm 3 l-n 

5 cm 3 l-n 

4*95 

— 0-08 

40 

10 

5*00 

5 cm 3 l-n 

10 cm 3 l-n 

5* 05 

+ 002 

40 

11 

10*00 

0 12 g KBr 

0*75 g KCl 

9*85 

— 0-20 

40 

12 

10*00 

0*24 g KBr ; 

0*75 gr KCl 

9*85 

— 020 

40 

13 

10*00 

0*60 g KBr 

0*75 ^ AX7 

9*88 

— 017 

40 

14 

10*00 

1*20 g KBr 

0*75 gr ATC7 

9*93 

— 012 

40 

15 

20*00 

0*24 g KBr 

1*50 gr KCl 

19*35 

— 0-75 

60 

16 

20*00 

0*48 g KBr 

1*50 g KCl 

19*55 

— 0-55 

60 
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It is seen that the results are lower, especially at higher concentra¬ 
tions of the chlorides. If their concentration is too high, it is possible 
to proceed in a way proposed recently by SSigol 9 ) for the separation 
of chlorides from bromides and iodides: from a weakly ammoniacal 
solution of the halides only iodide and bromide are precipitated by the 
silver ion. These can be then filtered off and decomposed with zinc in 
an acid medium, whereafter the ions /' gone into solution are titrated. 

Examples: 1. Taken: 5*00 ccs of 0‘1 -ti KI , 10*0 ccs of 0* 1-77 KBr 
and 10*0 grs of NaCl ; the solution was diluted to 100 ccs and 10 ccs 
of a 10% ammonia solution and 10 ccs of 0*1 -77 AgN0 3 added. After 
sedimentation (for six hours in the dark) the precipitate was filtered 
through a Jena glass filter (3 0 4), washed with water, and treated 
with zinc powder and 1-77 H^SO A for about half an hour. To the filtrate 
(20 ccs) were added a few cgrs of NaHSO 3 , 15 ccs of isopropylalcohol, 
the cinchonine-bismuth indicator, and the solution was titrated with 
0*1-77 AgNO a . Spent: 5*03 ccs (difference: 0 0 cc). 

2. Taken: 5*00 ccs of 0*1 -ti A/ + 10 0 ccs of 0*1-77 KBr + 10*0 grs 
of KCL Procedure the same. Spent: 5* 10 ccs of 0*1-7? AgNG 3 (differ¬ 
ence: + 0*07 cc). 

V. Estimation of iodides in presence of cyanides. 

In an acid solution the cyanide does not precipitate the cinchonine - 
bismuth reagent and thus does not disturb titration even when 
present in a high concentration. The procedure is here the same; 
however, more nitric acid is necessary to acidify the solution. 
Here also 2-6-dinitrophenol is very suitable as indicator. At the end 
the titration must be rather slow, in order that the reaction between 
the silver cyanide, which is formed in the drops of the silver nitrate 
solution by the action of the gaseous medium ( HGN) already before 
the drop has fallen into the liquid, and the iodide bound to the indi¬ 
cator may proceed to end before the titration is finished. The results 
are summarized in the Table VI. 


Table VI. 


No.: 

Ccs of 
01-nAI 
taken: 

Amount 
of AW: 

Ccs of 

01 -nAgNO, 
spent: 

Difference 
in ncs AgNO,: 

Volume 
in ccs: 

1 

1*00 

1 9 

100 

00 

15 

2 

5*00 

1 9 

5-00 

— 003 

15 

3 

10*00 

1 9 

1002 

— 003 

30 

4 

20*00 

1 9 

20-10 

o-o 

30 
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VI. Estimation of iodides in presence of thiocyanates. 

Thiocyanate likewise forms no precipitate with the cinchonine- 
bismuth reagent. However, its amount must not exceed during titra¬ 
tion the amount of the present iodide, otherwise silver thiocyanate 
is precipitated at the end of the titration, because the reaction between 
iodide bound to the indicator and the silver ions requires some time, 
the results for iodide being thus higher. Isopropylalcohol is here 
without effect. The results are given in Table VII. 


Table VIT. 


No.: 

Ccs of 
<M«n Kl 
taken: 

Ccs of 

0*1 -nNH&NS 
taken: 

Ccs of 

0-1 -« AgN0 3 
spent: 

Difference 
in ccs of 
AgNO a : 

Volume 
in ccs: 

1 

1*00 

1*00 

100 

0*0 

10 

2 

5*00 

5*00 

510 

+ 0*07 

20 

3 

500 

10*00 

5-10 

+ 0*07 

20 

4 

10*00 

5*00 

10-07 

+ 0*02 

20 

5 

10-00 

10*00 

1015 

+ 0*10 

30 

6 

20*00 

10*00 

20-20 

+ 0*10 

30 


With a larger amount of thiocyanate as stated one can proceed as 
with a considerable amount of chlorides (by precipitating from an 
ammoniacal medium); here only a higher concentration of ammonia 
is necessary, because the, silver cyanate is more difficultly soluble 
than the chloride. 

Example: Taken: 10 00 ccs of Q l-n KI + 5*0 grs of KCNS , dissolved 
to 100 ccs, and added 20 ccs of a 10% ammonia solution and 15 ccs 
of 0*1 -n AgNO z \ further procedure as in section IV. Spent: 9*80 ccs 
of 0‘1-n AgNO z (difference —0*25 cc). 

VII, Estimation of iodides in presence of ferrocyanides. 

Ferrocyanide forms with cinchonine-bismuth nitrate a yellow 
precipitate. Its presence in a small amount does not disturb the 
estimation of iodide. If, however, ferrocyanide is present in a greater 
amount, it is necessary to precipitate it with a zinc salt and to titrate 
the iodide without filtration in the same solution. Zinc nitrate in a 
solution about 1-normal (formed by dissolving zinc oxide in nitric 
acid) is most suitable for this purpose. 

The results are contained in Table VIII. For 1 gr of K A Fe(CN ) % . 3 aq. 
it suffices to add 7 ccs of \-n Zn(NO z ) % . 
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Table VIII. 


No.: 

Ccs of 
0-1-n KI 
taken: 

Amount of 
KJPeCy 6 .3 aq.: 

Ccs of 

0* 1 -n AgN0 9 
spent: 

Difference 
in ccs of 

0*1 -n AgN() z : 

Volume 
in ccs: 

1 

100 

0-5 g 

0*98 

— 0*02 

30 

2 

5*00 

10 y 

4*95 

— 0*08 

40 

3 

10*00 

O'5 g 

9*90 

— 0*15 

50 

4 

20*00 

10 g 

20* 05 

— 0*05 

50 


VIII. Estimation of iodide in presence of cobaltie cyanide. 

Also cobaltie cyanide forms a white precipitate with cinchonine- 
bismuth nitrate. The same may be said of the titration of iodides 
in its presence as was stated about their titration in presence of ferro- 
cyanide. Thus also here we must add before titration a sufficient 
amount of a \-n solution of zinc nitrate. Table IX contains the results. 


Table IX. 


No.: 

Ccs of 
0*1-n Kl 
taken: 

Amount of 
Na 2 NH A Co(C 'N ) 9 : 

Ccs of 

0*1 -n AgNO., 
spent: 

Difference 
in ccs of 

0*1 -nAgNO*: 

Volume 
in ccs: 

1 

1*00 

i y 

1*00 

0*0 

20 

2 

10*00 

if/ 

10*00 

— 0*05 

30 

3 

20*00 


20*05 

— 0*05 

40 


IX. Estimation of iodide in presence of nitroprusside. 10 ) 

Nitroprusside is not precipitated with the cinchonine-bismuth 
reagent and does not therefore disturb the titration of iodides. When it 
is present in a higher concentration, the end of the titration is difficult 
to observe because of the dark brown-red colour of the solution. 
In this instance it is necessary to dilute the solution with water 
before titration, and to use as a comparison solution a suspension 
of silver iodide in a nitroprusside solution of about the same concentra¬ 
tion. The colour transition is then well apparent. The results are given 
in Table X. 


Table X. 


No.: 

Cce of 
01 -nKI 
taken: 

Amount of A . 

Q-l-nN^FelCN^O: 

Difference 
in ccs of 

0* 1 -n AgNO s : 

Volume 
in ccs: 

1 

100 

20‘0 cm 8 l'OO 

0*0 

40 

2 

1000 

20-0 cm 3 9*98 

— 0*17 

40 

3 

20 00 

20-0 cm 3 20-00 

— 0* 10 

40 
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X. Titration of silver with iodide. 

Cinchonine-bismuth nitrate can be used also as indicator in titrating 
silver with iodide. Schneider 11 ) has proposed for this titration 
palladous nitrate as indicator and titrates under addition of a protect¬ 
ive colloid. Cinchonine-bismuth nitrate can be used as indicator in this 
titration with equal success. 

Carrying out of analysis: To a solution containing silver ions about 
1 cc of the indicator is added and the solution is titrated with 0*1-n KI, 
until a reddish coloration just appears. The transition of colour is also 
here sharp. 

Because the cinchonine-bismuth iodide is somewhat soluble, it is 
necessary to abstract from the total iodide used that amount of it, 
which was spent for the formation of the visible coloured compound. 
This correction amounts to 0*07 cc for each 10 ccs of the liquid. 

The results are given in Table XI. — For the titration the same 
silver nitrate and potassium iodide solutions were used as in the 
former determinations; the mutual proportion established by potentio- 
metric titration was here: 10*00 ccs of AgNO H : 9*95 ccs of KI. 


Table XI. 


No.: 

Ccs of 

()• 1-n AgNO„ 
taken: 

Ccs of 

0* ] >n KI 
spent: 

0* 1-n KI 
spent, 
corrected: 

Difference 
in cc of 
0*l-n KI: 

Volume in ccs 
at the end of 
the titration: 

1 

100 

1*03 

0*96 

— 0*03 

10 

2 

500 

5*10 

5*03 

— 0*05 

10 

3 

1000 

10*20 

10*06 

+ 0*11 

20 

4 

1500 

15*20 

15*00 

+ 0*07 

30 

5 

2000 

20*35 

20*07 

+ 0*17 

40 

6 

25-00 

25*35 

25*00 

+ 0*12 

50 


As is seen, the results are satisfactory. 

The estimation of silver in this way is not disturbed by cations 
enumerated in section I; besides this also lead and thallium do 
not cause trouble, if they do not exceed silver too much. Mercury 
and iron are troublesome. In presence of copper about 0* 1 gr of NaH80 9 
is added to the solution before titration in order to prevent oxidation 
of iodide to iodine. Even a ten times greater amount of copper than 
that of silver is not inconvenient for the titration. 
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Summary. 

An argentometric method for estimation of iodides was elaborated 
using cinchonine-bismuth nitrate as indicator, with which the iodides 
form a red precipitate of cinchonine-bismuth iodide. This compound 
is decomposed during titration by the silver ions, and the change of 
coloration indicates sharply the attainment of the equivalence point 
with a titration error of — O'5%. — The estimation can be made 
in presence of a great number of other cations and anions. Special 
procedures were worked out for the titration in presence of larger 
amounts of the other halides and of anions precipitated in an acid 
solution by silver ion. 

The same indicator can be used reversely for titrating silver with 
iodide with good results even in presence of other metals. 

Institute of analytical chemistry. 

Charles' University, Prague. 
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SlIR LE DOSAGE DU PLOMB A L’ETAT DE CARBONATE 
ET SA SEPARATION D’AVEC L’ARGENT AU MOYEN D’ACIDE 
CARBONIQUE EN MILIEU PYRIDIQI E DILUE 

par A. JlLEK ot J. KOTA. 

Pour le dosage ponderal du plomb 1 ) a l’etat de carbonate Lewal 2 ) 
et, plus tard, d’autres auteurs 3 ) s’etaient servis du carbonate d'ammo- 
nium en milieu ammoniacal, dans lequel, si celui-ci nest qu’en faible 
exces, le carbonate de plomb 4 ) est beaucoup moins soluble que dans 
les carbonates alcalins. On pese soit le carbonate de plomb (apr&s 
dessiccation), soit l’oxyde de plomb (apres calcination). Le precede 
n’est toutefois pas sans presenter certains inconvenients. D’une part, 
lore de la precipitation au moyen du carbonate d’ammonium, il faut 
cviter tout excfes de precipitant, parce que celui-ci dissout un peu le 
carbonate de plomb. I)’autre part, le precede n’est pas applicable 
a la separation des elements, puisque la plupart d’eux, surtout 
ceux appartenant a la premiere classe analytique, sont egalement 
precipites par le carbonate d’ammonium, suffisamment dissocie. Voilk 
les raisons pour lesquelles la methode en question, encore qu’elle soit 
simple ot peu dispendieuse, n’a pas trouve d'accueil favorable. D’apres 
nos experiences, les inconvenients signals peuvent etre detoumes si 
dans la precipitation le carbonate d’rmmonium est remplace par 
I’acide carbonique et une solution aqueuse de pyridine comme faible 
base organique. 

Le carbonate de plomb forme par precipitation dans ce milieu est 
tres peu sensible vis-a-vis d’un exces, meme assez grand, d’agent pre¬ 
cipitant, et la concentration en ions COJ', relativement faible mais 
suffisante pour depasser le produit ionique peu considerable du carbo¬ 
nate de plomb, permet de separer le plomb de ceux parmi les elements 
dont les carbonates presentent un produit ionique plus eieve. Les 
corps simples d’avec lesquels la separation du plomb ne saurait etre 
effectuee, sont d’abord ceux a valence superieure, 5 ) subissant aisement 
Thydrolyse et precipitant a l’etat d’hydroxyde par la pyridine elle- 
meme, puis les terres rares, dont les carbonates ne poss&lent qu’un 
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produit ionique faible et qui fournissent avee Pacide carbonique en 
milieu pyridique le plus souvent des carbonates insolubles. 

D’autre part, le plomb n’est pas precipite dans les conditions 
signalees pour les terres rares, s’il se trouve en solution sous forme 
d’un complexe. 

D’apres ce que nous venons de dire, il devient probable que le plomb 
se laisse separer de la maniEre indiquEe ci-dessus d’avec les Ele¬ 
ments de la premiere classe analytique (a Pexception du bismuth) 
dans laquelle les carbonates ont un produit ionique superieur k celui 
du carbonate de plomb. La prEsente communication porte en premier 
lieu sur la sEparation du plomb d’avec Pargent, celle d’avec les autres 
corps simples est encore k PEtude. 11 parait d ailleurs que le nouveau 
procEdE pourra egalement etre utilise pour le dosage volumEtrique 
des ElEments en question. 

Signalons encore que la pyridine a deja etE employee par G. Spacu 
et J. Dick 6 ) pour prEcipiter le plomb, en presence de Panion SCN', 
a PEtat de rhodanate de plomb, que Pon pese. Ce procEdE ne permet 
toutefois pas une sEparation, Etant donnE que la plupart des corps 
simples, surtout de la classe analytique I , sont precipitables par Panion 
ON S' seul. En outre, comme le signalent les auteurs eux-memes, une 
proportion un peu notable de sels d'ammonium empeche la precipi¬ 
tation complete du plomb. 

Parmi les mEthodes pondErales recentes servant a la sEparation 
du plomb d’avec Pargent, celle de H. Brintzinger 7 ) est basee sur 
l’insolubilitE de l’oxalate de plomb en liqueur ammoniacale, celle de 
G. Vortmann et O. Hecht, 8 ) sur l’insolubilite du phosphate de 
plomb dans les solutions ammoniacales du tartrate d’ammonium. 
Pour sEparer Pargent d’avec le plomb, ces derniers auteurs 9 ) ont 
ElaborE un procEdE utilisant l’insolubilite de l iodure d’argent dans 
la mEme liqueur ammoniacale complexe. 

Dosage du plomb a PEtat de carbonate. 

Les solutions Etalons ont EtE prEparees en dissolvant Pazotate 
de plomb pur 10 ) de la maison Merck de maniere que 25 cc de liqueur 
renfermassent 0*1 gr environ de plomb. 

La valeur des liqueurs Etalons a EtE dEterminee par le procEdE 
habituel au sulfate: Evaporation avec de Pacide sulfurique, dilution 
par de l’alcool k 50% jusqu’lt obtention d’une solution renfermant 
environ 4% d’acide sulfurique, lavage du precipitE, sur un filtre Gooch, 
par un liquide de composition sensiblement voisine. Avec 25 cc de 
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Tune dee solutions ^talons nous avons obtenu, dans deux essais, 
respectivement 147-1 et 146-8 mgr de PbSO i9 ce qui correspond en 
moyenne k 100-3 mgr de Pb , dans 50 cc de l’autre solution ^talon 
respectivement 303-1 et 303-3 mgr de PbSO i9 soit en moyenne 
207-1 mgr de Pb. 

11 va sans dire que nous n’avons pu op6rer que sur l’azotate de 
plomb, les autres sels courants, le sulfate et le chlorure de plomb, 
etant trop peu solubles dans Feau. 

La pyridine seule ne precipite que faiblement les solutions d’azo- 
tate de plomb, toujours un peu dissoci^es. Ce n’est qu’en presence 
d’acide carbonique que le plomb est precipite quantitativement, &l’£tat 
de carbonate, suppose que la pyridine soit pr&ente en quantity suffi- 
sante. Son role est, en effet, de fixer Facide azotique form6 par double 
decomposition et de contrebalancer la reaction acide produite par 
Fhydrolyse de Fazotate de pyridine. 

Au debut de nos essais, voici comment nous proeedions: Une solu¬ 
tion neutre (dont l’acidite, due a Fhydrolyse, avait ete coupee par 
1 a 2 gouttes de pyridine diluee [1 : 10] en presence de methylorange 
comme indicateur) et renfermant au maximum 0-1 gr de plomb dans 
un volume total de 100 cc, a 6t6 additionnee de quantites variables 
de pyridine 1 : 10, aprfes quoi on a fait passer dans la liqueur, pendant 
une demi-heure jusqu’4 trois quarts d’heure, un courant mod&re 
d’acide carbonique purifie dans un flacon laveur Drechsel contenant 
une solution dilu6e d’azotate d’argent. 

Apres un repos plus ou moins prolonge, on a fait passer de nouveau, 
pendant 5 minutes, un faible courant de gaz carbonique. Le precipite 
a ete recueilli sur un creuset Gooch garni soit d’amiante, soit d’une 
plaque poreuse filtrante (A x ), puis lave par de Feau saturee d’acide 
carbonique ou encore additionnee de quantites variables de pyridine 
(1 : 10). Le lavage termine, le precipite a ete sech£ jusqu 'k poids 
constant k 105° environ ou bien calcin^ dans un creuset protecteur 
en porcelaine par la damme d’un bruleur ordinaire. 

Dans le filtrat direct, comme aussi dans les eaux de lavage, on a 
recherche la presence de plomb par le sulfure de sodium. 11 ) 

Les resultats obtenus par ce proc6d6 se trouvent reunis dans le 
tableau I. (Voir p. 399,) 

II ressort des essais 14 8 que les valeurs trouvees pour le plomb 
s’accordent pratiquement avec celles calcul6es si dans un volume total 
de 100 cc environ 0-1 gr au maximum de Pb est pr6cipit4 par CO % en 
presence de 2 a 5 cc de pyridine dilute (1:10), et que le lavage du 



Tableau I. 


i Addi- Repow 
mgr tion de apres 

de Pb Trouve en mgr pyridine la 

® misen dilute preci- 

o oeuvre PbCO a Pb PbO Pb (1:10) pita- 

& en cc tion 


1 


129-3 100-2 108-0 

100*2 

5 

— 

2 

100*3 

129-3 100-2 108-1 

100*3 

2 

— 

3 


129*7 

100*5 108*0 

100*2 


7 heures 

4 

40*1 

51*9 

40*2 — 

— 


— 

5 

60*2 

77*4 

60*0 — 

— 

3 

2 jours 

6 


129*6 

100-4 — 

— 


4 „ 

7 

100-3 

129-5 

100-4 — 

— 


2 

8 


129*6 

100*4 — 

- ] 


2 

9 

40* 1 

51*2 

39*7 42*5 

39-41 

5 

2 

10 

60*2 

75*7 

58*6 — 

— 

1 

1 jour 

11 

1*6 

2*3 

1*7 — 

- — 

3 

3 jours 


Liquide 
de lavage 


100 cc 
d'eau ren 
fermant 
2 cc do 
pyridine 
1:10 et 
saturee 
tie 00 2 


oomme 
dans les 
OHsais 1—6, 
mais sans 
CO t 


45 cc d’euu 
saturee 
de CO,y 


quelques cc 
du liquide 
signal e 
sub l. 


Volume: 100 cc , introduction de C0 2 : l / 2 — a / 4 d’heure. 


Note 


Dans 
le filtrat, 
le sulfure 
alcalin 
revele ties 
traces de 
plomb. 


Precipitation 
achaud; le prC- 
cipite est plus 
compact quc 
low de l’addi- 
tion de 3 cc dc 
pyridine 1:10 
voir G. 

Le prtVipitC est 
compact, mais 
plus soluble 
dans le liquide 
de lavage quc 
pour I’cHHni S. 
0 7 ?nf/r de I*l> 
duns le flltrat. 

Le precipite 
est fin et plus 
soluble dans 
le liquide de 
la vage. 

Lc sulfure 
alcalin rCvele 
des traces dc 
plomb. 


precipite soit effectue par 100 cc environ d’eau renfermant environ 
2 cc de pyridine dilute (1 : 10) et saturee eventuellement encore d’acide 
carbonique. Le precipite est d’autant plus compact et facile a filtrer 
que la dose de pyridine employee pour la precipitation a etc plus 
forte (voir les essais 1—8). Au contraire, si cette dose est rabaissee 
a 1 cc (1 : 10), le precipite obtenu est tr&s fin, enclin a se dissoudre, 
de sort© qu’il passe du plomb dans le filtrat. Oomme on le voit dans 
Fessad 10, la valeur trouvee pour le plomb est forcement inferieure 
a celle calcuiee. 


28 
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Ainsi que le montrent les essais 9 ©t 10, il en est de meme si 1© 
lavage du precipite est oper£ par de l’eau saturee seulement de C0 2 , 
m6me alors que la dose de pyridine employee pour la precipitation 
est superieure & 2 cc pour 100 cc de volume total. L’essai 11 prouve 
que notre proc6d£ permet de doser exactement mOme des quantites 
relativement faibles de plomb. Malgr£ cela — meme dans les cas 
ob il y a parfait accord entre les valeurs trouvee et calcul^e — on peut 
constater (au moyen de sulfure de sodium) des traces de plomb, de 
Pordre d’environ 10— 4 gr 9 dans le filtrat direct ainsi que dans les eaux de 
lavage. La perte par calcination a 105° (trouvee en moyenne 21-5 mgr 
alors que la perte de C0 2 ealculee serait de 21*3 mgr) met en Evidence 
que le precipite desseche possede la composition PbOO z et que, par 
calcination, il se transform© aisement en PbO 12 ) (non hygroscopique). 

Le coefficient servant a calculer le plomb etait de 0*7754 pour le 
carbonate et 0*9283 pour Poxyde de plomb. 

Le tableau suivant (II) montre de quelle maniere les r£sultats du 
dosage sont influences par Ja composition de la solution servant au 
lavage du precipite. 


Tableau II. 


$ 

$ n W 

;u do Pb Trouve en mgr 

mis en 

o oeuvre PbC0 3 Pb PbO Pb 

1 100*3 129*1 100*1 107*5 99*8 

2 60*2 77*7 60*2 64*6 59*9 

3 40*1 51*6 40*0 42*6 39*5 

4 100*3 129*0 100*0 107*7 99*9 

5 60*2 77*7 60*2 64*7 60*0 

6 40*1 51*4 39*8 — — 


Repos 

apios 

la 

preci¬ 

pita¬ 

tion 


Liquid** de lavage* 


100 cc d'eau ronfer- 
. mant 2 cc de pvri- 
12 h - dine 1:10 ‘ 


24 h. 


100 cc d’eau saturee 
d^ C0 2 et renfer- 
rnant 2 cc de pyri¬ 
dine 1:10 et 1 cc 
d’aloool & 96% 


« u 100 cc d’eau et 1 cc 
de pyridine 1:10 


12 h. 
4 j- 


100 cc d’eau 
et 1 goutte de 
pyridine 1:10 


Note 


Dans les 
lilt rats direct 
et de lavage. 

le sulfure 
alcalin revele 
des traces 
de plomb. 

Le filtrat do 
lavage est 
legerement 
trouble, 
il contient 
nettement 
du plomb. 


Dans le volume de 100 cc: 3 cc de pyridine 1: 10. Introduction de 
C0 2 : 3 / 4 d’heure. 


Dans les essais du present tableau on a procede comme pour oeux du 
tableau I, avec cette difference toutefois que la dose de pyridine (1:10) 
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etait constamment 3 cc pour un volume total de 100 cc. La duree 
d’introduction de Tackle carbonique a 6te maintenue a 3 / 4 d’heurc, 
la composition du liquide de lavage a etc modifiee. 

Ainsi que le font voir les essais 1, 2 et 3, les resultats obtenus 6taient 
en sorame satisfaisants si le lavage du precipite a ete effectue au moyen 
de 100 cc d’eau renfermant soit 2 cc de pyridine diluee (1: 10), soit en 
outre de la pyridine 1 cc d’alcool a 96%, et saturee d’acide carbonique. 
Malgr6 cela, on a pu deeeler (au moyen de sulfure de sodium) des 
traces de plomb dans le filtrat et le liquide de lavage, il est vrai settle¬ 
ment apres evaporation a tres faible volume. Si le lavage a ete fait 
avec 100 cc d'eau renfermant yeulenient 1 cc ou une goutte de pyridine 
diluee (1: 10), les resultats obtenus etaient bien inferietirs aux valeurs 
calculees, et dans les eaux de lavnige (100 cc), legerement troubles, 
la quantite de plomb decelable apres evaporation etait plus notable 
que dans les cas precedents. Dans le filtrat direct, toutefois, on n’a pu 
eonstater que des traces de plomb. 

Dans les essais ulterieurs, nous avons taehe de rabaisser la solubilite 
du carbonate de plomb par addition d’alcool lors de la precipitation 
et lors du lavage. La duree de dessiccation du precipite a ete di- 
minuee en olevant la temperature de 105° a 120°. En meme temps, 
on a etabli, pour 0-2 gr de Pb et un volume total de 100 cc, la dose opti¬ 
mum de pyridine diluee (1:10) et le repos optimum apres la precipi¬ 
tation. Le tableau suivant 1IT rend eompte des resultats de ces essais. 
(Voir p. 402.) 

Les essais 1—3 nous enseignent que, si 0*1 gr de Pb f pour un volume 
total de 100 cc , sont pr^cipit&s par 1—2 cc d’alcool a 96% et 3 cc de 
pyridine dilute (1: 10), et qu’on lave par 100 cc d'un liquide sature 
de C0 2 et renfermant 2 cc de pyridine (1: 10) et 1—2 cc d’alcool a 96%, 
on obtient des chiffres theoriques ou legerement superieurs. Le pre- 
eipite est suffisamment compact, facile a filtrer, le filtrat direct et les 
liquides de lavage contiennent a peine des traces de plomb. 

Si, toutes choses 6gales d’aiileurs, la proportion de plomb est aug¬ 
ments jusqu’4 0*2 gr , la dose de 3 cc de pyridine diluee (1: 10) ne 
suffit plus k prSipiter completeinent le plomb (voir Tessai 4), et dans 
le filtrat direct le plomb se laisse nettement eonstater. Pour obtenir 
ici encore des valeurs exactes, la dose de pyridine diluee (1: 10) doit 
etre 61ev<5e k 15 cc. 

Comme le montrent les essais 11—18, 5 cc d’alcool 4 96% dans le 
liquide de precipitation et 4 cc respectivement de cet alcool et de pyri¬ 
dine (1: 10) sont les proportions qui donnent les meilleurs resultats. 

28 * 



402 


mgr 

dePb 


v ® mis en 
££ oeuvre PbC0 9 

1 100-3 129-5 


Trcrnve en mgr 

Pb PbO 
100-4 108-2 


Tableau III. 

Addition Repos 
en cc apr&s 

§$? pr^ci- 

*JS Pita* 
tiOD 


Liquid© d© 
lavage ©n cc 


Not© 


Pb 

100*4 


60*2 

40-1 


77-8 

51-9 

257-0 


60-3 

40-2 

199-2 


64-9 

43-2 


60*2 
40-1* 


10, 200*7 


257-7 199-8 215-1 199-« 


258-2 200-2 215-5 200-0 


258-4 200-3 216-2 200-6 


258-6 200-5 216-0 200-5 


258-5 200-4 215-8 200-3 


258-4 200-3 215-7 200-2 


11 


12 


24 h. 


12 h. 
24 h. 


12 h. 


2 10 3 j. 


15 12 h. 


12 2 j. 


258-7 200-6 216-1 200-6 


256-3 198-7 — — 35 


13 

'1 

15 ' 

16 103-5 


258-7 200-6 216-0 200-5 5 


253-2 
258-6 

133-9 103-8 111-7 103-7 


196-3 — — 6 

200-5 216-0 200-5 10 


17 62-1 80-5 62-4 67-5 62-6} 5 


18 41-4 53-6 41-5 44-9 41-6* 


15 


12 h. 


5 h. 

2j- 

5 h. 


12 h. 


100 cc d’eau 
ronfermant 2 cc 
de pyridine 
(1:10) et 1 co 
d’alcool k 96% 
et satur6e 
de OOj 


Le pr6cipit6 
eat compact, 
les filtrate 
direct et de 
flavage contien- 
nent, k peine dew 
traces de 
plomb. 

Le plomb di- 
mtnue dans le 
filtrat k mosure 
quo la dose de 
pyridine 
augmente. 

Le liquide de 
lavage en 
renterme tout 
an plus den 
traces. 

Les valours 
trouvdes pour 
le plomb 
s’61&vent 
success! vement 
pour fttteindro 
prcisque eelles 
qu’exlge 
le oalcul. 
Par suite d’une 
augmentation 

l>« nif-uie, mats t 

aver 12 cc de ' ll* 1 !"' . k 


Memo 
^liquide, mais 
ronfermant 
2 cc d’alcool | 
ft 96% 


pyridine 1:10 


neur en plomb 
s’acerolt dans 
les flit rats de 
100 cc d’can lavage, 

renfermant 4 cc Lew filtratw di¬ 
do pyridine root et de lava * 
1:10 et 4 cc ge renferment 
d’alcool k 96% k peine des tra¬ 
ct saturCe cos do plomb. 

de CO t L’augment* - 

tion de la dowe 
1 )e niGmc. rnaIs d’alcool fait 
aver 35 cc nettemeiit 

d’aleool k 96% passer du 

plomb dans 
les Ultra is. 

rt»H Ik les deux 

ue memt, mals mtrat8 h peim , 

des traces de 
plomb. 

OemSme, mats Voir la note de 
aveo 6 cc o 

d’alcool k 96% xr , f ' . 

Voir la note de 


Voir Ja note 
de ressai 11 


avee 5 cc 
d’alcool k 96% 


l’essal 13. 
Aprds neutrali¬ 
sation k la pyri¬ 
dine, repos de 
5 minutes. 

■ lies flltrats 
sont limpides. 
le plomb s’y 
laisse k peine 
dtioeler. 


100 cc renferment 0-2 gr de Pb au maximum; dur^e de precipitation 
par CO t : d’heure. 
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Un exces trop considerable de pyridine dans le liquide de lavage ou 
une proportion exageree d’alcool dans les liquides de precipitation 
et de lavage (voir par exemple Fessai 12), rabaissent les chiffres obtenus 
pour le plomb et rendent en outre plus difficile le depot du precipite. 

Le mode operatoire suivi dans les essais 16—18 differe de celui des 
essais 11—15 en ce que, apres neutralisation, la solution, prete a etre 
prEcipitee, a d’abord Ete abandonnee au repos pendant 5 minutes 
environ, jusqu’a formation visible d’un sel de plomb basique. Cette 
maniere de proceder a donne les meilleurs r6sultats (voir le tableau), 
et dans filtrat direct, comme aussi dans les liquides de lavage, le plomb 
s'est a peine laisse constater, etant de Fordre de 10 ~ 6 gr environ. 

Le meme procedE a etE employe pour doser le plomb en presence de 
sels alcalins ou d'ammonium. Les sels en question ( NaNO 5 , KN0 2 , 
NH^NOt) ont EtE ajoutes dans la proportion de 1 gr pour 100 cc de 
liquide a precipiter. Le repos apres neutralisation etait de 20 a 25 mi¬ 
nutes. Voiei, dans le tableau TV, les resultats obtenus dans ces essais. 


Tableau TV. 


mgr 

de Pb Trouve en mgr 

mis en 

oeuvre J*bCO z Pb PbO Pb 


Addition Repos 

apres 
de la 

k 96% dine pi ta¬ 
li 10 tion 


. & 

ed 

3 | 

U* 

G 

hJ T3 


Not<’ 


1 


267-5 207-4 223-4 207-3 1 gr de 





nh 4 no 3 



2 

207-1 

267-4 207-3 223-2 207-1 I gr de 

1VaN0 3 

5 cc 

15 cc 

3 


267-7 207-5 223-5 207-4 1 gr de 





kno 3 ) 




8 3 

* 8 l 

I 5 1 

Jo-g*© 

» a o 

C OJ^ 

g* fi 

T4 TJ 


Dans les 
filtrat* Itm- 
pides le 
, plomb wi 
laisse 
a peine 
eoiiKtater. 

Les flltrats 
wont limpi- 
den. mats 
renferment 
des traces 
de plomb. 


Volume: 100 cc. Precipitation par C0 2 ( s / 4 d’heure) en presence de 
1 gr d’azotate alcalin. 


On reconnalt dans ce tableau que meme en presence de 1 gr d’azotates 
en question notre methode de dosage du plomb se laisse tres bien 
utiliser. Dans le cas de Fazotate de potassium le chiffre trouvE est un 
peu plus fort que la teneur calculi© ce qui est du k une faible retention 
de sel alcalin. Ajoutons que dans le filtrat direct de cet essai le plomb 
se laisse — apres Evaporation k faible volume — constater plus 
nettement que dans les essais 1 et 2. 
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II result© de ce qui vient d'etre dit que pour la quantity maximum 
de 0-2 gr de Pb dans 100 cc de volume total d’une solution sensiblement 
neutre le plomb se laisse doser a l’etat de carbonate memo en presence 
de 1 gr d’azotate alcalin ou d’ammonium si les conditions suivantes 
sont reinplies: Apres neutralisation au moyen de pyridine (1: 10) en 
presence de m^thylorange et apres 5 minutes de repos, le liquid© renter- 
rnant 5 cc d’alcool k 98% et 15 cc de pyridine (l: 10) est precipite par 
Facide carbonique qu’on introduit pendant 3 / 4 d’heure. Le lavage est 
oper£ par 100 cc d’un liquid© sature de gaz carbonique et renfermant 
4 cc d’alcool & 96% et le meme volume de pyridine dilute (1: 10). Le 
precipite est pese soit a l’6tat de carbonate (apres dessiccation k 120°), 
soit apr&s avoir 6te amene a l’etat d’oxyde de plomb (par calcination). 

Separation, al’6tat de carbonate, du plomb d’avec Fargent. 

Le procede de dosage du plomb deerit ci-dessus a ete applique en 
outre a sa separation d’avec Fargent, car dans ces conditions ce dernier 
metal n’est pas du tout precipite. 13 ) 

Deux solutions ^talons d’argent ont 6te prepares en dissolvant 
Fazotate d’argent Merck pro analysi de maniere que 25 cc de liqueur 
renferment environ 0-1 gr d’argent. Le titre de ces solutions a 6te 
d^termin^, d’une part, de la maniere habituelle, sous forme de chlorure, 
d’autre part, en presence de la quantity de pyridine et d’acide azotique 
correspondant aux conditions dans lesquelles Fargent serait dose dans 
le filtrat apres le plomb. ' 

Avec 25 cc de l’une de ces solutions etalons on a obtenu respective- 
ment 136-8 et 136-9 mgr de chlorure d’argent, dans ce dernier cas 
en presence de 3 cc de pyridine diluee (1: 10), ce qui correspond en 
moyenne k 102-9 mgr d’argent. Avec 50 pc de l’autre solution etalon 
la valeur trouv^e etait la meme dans 2 essais, soit 102-9 mgr ou 
197*4 mgr d’argent. Dans Fun de ces essais on a op^re en presence 
de 15 cc de pyridine diluee (J : 10). 14 ) 

La separation du plomb d’avec Fargent a ete operee par le proc£d<5 
signal^ a propos du dosage du plomb (tableaux II et III, essais 16—18). 

L’argent du filtrat a ete dose, toujours apres acidulation par de 
l’acide azotique, de la maniere habituelle k l’6tat de chlorure, au besoin 
apres evaporation a un.faible volume. Les resultats obtenus par le 
premier procede se trouvent rassembles dans le tableau V. (Voir p. 405.) 

On voit par ce tableau que le procede deerit permet d’obtenir pour 
le plomb, comme aussi pour Fargent, des chiffres satisfaisants (quoique 
due k des compensations) tant que la quantity de plomb ne depasse pas 
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Tableau V. 


0 Repos 
.§» apres 

mgr mi« on Trouve en mgr la 


% 

oeuvre 




© c 

IZ a 

preci¬ 

o 

Pb 

Ag 

PbOO , 

Pb 

AgCl 

Ag 3? 8 

pita¬ 

& 




3 ► t£ 

P* Qj 

tion 

I] 

' 


129-3 

100-2 

— 

- - 


3 j* 


100*3 







2 i 



129-7 

100-5 

136*6 

102*8 


2j- 


Liquid** 
de lavage 


Note 


3 40 1 

4 60-2 

5 80-3 

6 100*3 

7 00*2 


102*9 520 40*3 130*8 102*9 
78*5 00*8 130*5 102*7 
103*8 80*4 130*8 102*9 
01*7 129*0 100*4 82*3 01*9 
82*3 77*5 00*0 109*7 82*5 



100 cc 
renfer- 
mant 
2 cc de 
])yridine 
1 : 10 


I Lew 
I filtrats 
I sont 
| faible- 
J mont 
I troubles. 


8 ) 


01-7 129-3 100-2 


Ih‘ inoilic, ninis 
o • nature | 

° J* s, 4 d’houro 
par CO, 


9 

10 


100-3 


128-9 99-9 137-1 103-1 


102-9 


129-0 100-4 137-1 103-1 


ft ]> (Jomine dans 

les essais 1 - 7 


12 ll. (’online dans 8 


Poids maximum: 0*1 gr de Pb, 0*1 gr <PAg. Volume: 100 cc , en 
presence de 3—5 cc de pyridine; duree d’introduction du 00 2 : 3 4 
d’heure. 


0*1 gr, c’est-&-dire le poids pour la precipitation duquel, en liqueur 
sensiblement neutre, la dose de 3 k 5 cc de pyridine diluee (1:10) suffit 
encore. 

II subsiste toutefois linconv&iient que, par suite de la proportion 
relativement faible de pyridine ajoutee, le carbonate precipite sous 
une forme assez fine, de sorte qu’il traverse aisement le creuset Gooch, 16 ) 
que ce dernier soit garni d’une plaque filtrante (^G) ou d’une couche 
d’amiante. Pour cette raison, le liquide de lavage presente toujours 
un leger trouble. 

Les resultats obtenus par 1'autre procede, signal^ k propos des essais 
16—18 du tableau III, pour des poids de plomb allant jusqu’& 0*2 gr, 
des quantity maximum d’argent sensiblement les memes et un volume 
total de 100 cc, figurent dans le tableau VI. 
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Tableau VI. 


Repos 


| Mis on oeuvre apr&s 

en mgr Trouv6 en mgr la 

£ prGci- 

0 Pb Ag PbCO 3 Pb PbO Pb AgCl Ag pita- 

£ tion 


Note 




2 


207-1 


3' 

4 103-5 


5 62-1 


6 20-7 

7 207-1 


98-8 

61-7 


197-4 




223-4 

207-3 

131-3 

98-8 


267-5 

207-4 








223-5 

207-4 

82-2 

61-8 

12 h. 

267-1 

207-1 

223-2 

207-1 

262-0 

197-0 


134-0 

103-9 

111-8 

103-7 

262-4 

197-4 

3*/ 4 h. 

80-7 

62-5 

67-3 

62-4 

262-7 

197-7 


26-7 

20-7 

22-3 

20-7 

262-5 

197-5 

12 h. 

267-5 

207-4 

223-6 

207-5 

262-3 

197-4 



Les filtrate wont 
tout A fait lim- 
pides, le PbC<K 
dcss6ch6 eat 
presque blanc 
sauf dans Ion 
essals 5, 6 et 7 
ml il est. tegfcre- 
ment gris&tre. 
Do mtoe daniK 
ceH derniers 
oBsais le PbO 
n’est pas jauno 
pur. 

Liquide 
do lavage: 
100 rc d’eau 
Hflturde do (’O., 
et re nft^rmant 
4 cc d’aloool 
k 96% et 4 cc do 
pjridlne 1:10. 


Poids maximum: 0*2 gr de Pb , 0*2 gr d 'Ag. 

Volume: 100 cc , en presence de 5 cc d’alcool k 96% et 15 cc de pyri¬ 
dine (1: 10). Dur^e d’introduction du C () 2 : 3 / 4 d’heure. 


A la difference du mode operatoire precedent on obtient ici des filtrats 
de lavage tout a fait limpides, des precipites compacts, faciles k filtrer, 
mais le plus souvent faiblement gris&tres ou violatres, ce qui semble 
etre du a une reduction, quoique tres peu considerable, de la solution 
argentique soit par les poussieres, soit par les traces d ? aldehyde pro- 
venant de l’alcool mis en oeuvre. Cependant, la quantite d’argent 
retenu par le pr&iipite est si insignifiante que, ainsi qu’il sera montre 
plus bas, on ne peut pas la reconnaitre par les reactions qualitatives 
courantes. Cette legere souillure ne devient plus perceptible qu’apres 
la calcination du carbonate a l’4tat d’oxyde. Ce dernier presente en 
effet une nuance grisatre. Celle-ci n’apparait d’ailleurs pas du tout 
lorsqu’on opere la precipitation sans alcool. Malgre ce qu’on vient 
de dire, le proc6d£ d^crit ci-dessus foumit, tant pour le plomb que 
pour F argent, des chiffres qui s’accordent pratiquement avec ceux 
qu’on calcule. 

Le meme precede a ete employe avec succes pour s6parer le plomb 
et l’argent dans des solutions renfermant jusqu’a 1 gr d’azotates 
(NaN0 9y KNOz, NH A NO^) (voir le tableau VII). Ici non plus, la 
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quantity d’argent retenu par le precipite ne peut etre dEcelee par les 
reactifs habituels, ainsi que le montre l’essai 4. Un precipite au poids 
de 267*4 mgr , recueilli au creuset Gooch k plaque filtrante (AJ, puis 
sEche k 120° jusqu’4 poids constant, prEsentait une couleur faible- 
ment grisatre. Apres dissolution dans de l’acide azotique (1 : 3), 16 ) 
le liquide obtenu a EtE Evapore a sec, le rEsidu a EtE humecte avec 
3 gouttes d’acide azotique de meme concentration, ramene par dilution 
a 100 cc, puis prEcipitE de nouveau, cette fois-ci en solution exempte 
d’azotates alcalins. Le poids du precipite presque blanc etait, apres 
dessiccation k 120°, de 267*2 mgr , done extremement voisin du chiffre 
267*4 mgr obtenu lors de la premiere precipitation. 


Tableau VII. 

Repos 
Addition apres 

Trouve en mgr de 5 cc la ^ . 

d’azotate preci- ° ° 
a 20 y 

Pb Ag PbC0 3 Pb PbO Pb AgCl Ag tion 


mis on oeuvre 
en mgr 


1 

103*5 

197*4 

133*9 

103*8 

111*9 

103*8 

262*2 

2 

207*1 

98-7 

267*5 

207-4 

223-2 

207-1 

131*2 

3 

103*5 

197*4 

133*9 

103*8 

111*9 

103*8 

262*2 

4 

207*1 

98*7 

267*4*) 

207*3 

— 

— 

130*8 




267-2** ***) ) 207*1 

223*2 

207*1 

— 

5 

2*0 

134*2 

2*7 

2*0 

2*2 

2*0 

178-7 

«| 


1*9 

267*6 

207*4 

223*3 

207*2 

2*7 


207*1 







7 ] 

j 

19*7 

267*0 

207*0 

223*2 

207*1 

26*6 


tion 

2 h. 


NH t N0 3 


© a 
£ 

W *3 


31/2 h -ills 

g ^ ’S © 2 

3 NaN() 3 2 h. | |-g g| 

4 KN0 3 

J n. « *ss 

s 1 St® 

4 .vir^o, 3 4 h.gs:5 

;|«li 

0 • KN0 3 4 h.J 

2 © 
a 'Z~ 

. 3 t 

0 -- 1 h.^ h 

Poids maximum: 0*2 gr de Pb , 0*2 gr d 'Ag. 

Volume total: 100 cc, en presence de 5cc d’alcool a 96%, de 15 cc 
de pyridine (1: 10), et de 1 gr d’azotate alcalin. DurEe d’introduction 
du C0 2 : 3 / 4 d’heure. 


*) Dissous dans HN0 9 1:3, aprEs Evaporation, reprecipitE sans addition 
d’azotate alcalin. 

**) PesE aprEs la deuxieme precipitation. 

***) La precipitation a EtE operEe sans ajouter les 5 cc d’alcooi a 96%. Le 
prEcipitE de PbC0 3 est blanc, mais plus fin et so dEposo plus lentement quo 
dans les essais 1—6. 
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Dans le filtrat apres la deuxiEme precipitation, concentre par Evapo¬ 
ration, Pargent n’a pu etre decele ni par l’acide chlorhydrique ni par 
l’hydrogene sulfure. L’insignifiant residu grisatre retenu dans le 
creuset Gooch et qui, apres dessiccation k 120°, avait pesE 0-4 mgr , 
a completement disparu lors de la calcination, ce qui est Pindice de 
traces de matiEres organiques qui avaient EtE carbonisEes k 120°. 
Ceci explique la lEgere ElEvation des chiffres trouvEs par rapport 
aux chiffres calcules. 

Les notes j ointes aux essais de cc tableau mettent en Evidence que 
la filtration du precipitE peut etre opErEe meme aprEs 1 heure de repos. 
Les essais 5 et 0 montrent que la mEthode donne de bons rEsultats 
meme dans le dosage de faibles quantitEs de plomb en prEsence de 
quantites considerables d’argent, et inversement. Dans l’essai 7 on 
a opEre la sEparation du plomb d’avec Pargent par le meme procEde, 
mais en solution exempte d’azotate et d’alcool (5 cc). Ici, le carbo¬ 
nate etait presque blanc, l’oxyde obtenu par calcination, d’une belle 
couleur jaune sans taches grises. On voit par cela que mEme sans 
addition d’alcool au liquide a preeipiter on peut obtenir des rEsultats 
tout k fait satisfaisants, a cette petite difference pres que le precipitE 
est un peu plus fin et se dEpose plus lentement. 

Pour enlever le carbonate de plomb a la plaq ue filtrante du creuset 
Gooch, l’acide azotique convient le mieux, l’oxyde de plomb (apres 
calcination) est elimine par le meme acide chaud et additionnE d’acide 
chlorhydrique. Apres lavage a l’eau chaude, dessiccation et calcination 
(dans un four electrique Heraeus), le creuset a plaque filtrante est 
pret k un nouvol usage. 

En rEsumant ce qui a EtE dit plus haut voici comment nous recom- 
mandons de procEder pour doser le plomb et le sEparer d’avec l’argent 
(meme en prEsence Eventuelle de sels alcalins ou d’ammonium): 

Une solution sensiblement neutre, 17 ) ne renfermant pas plus de 
0*2 gr de plomb ou de 0*2 gr d’argent (en prEsence Eventuelle de 1 gr 
au maximum d’azotate alcalin ou d’ammonium) est diluEe par Peau 
a 80 cc. Elle est ensuite additionnEe de 5 cc d’alcool k 98% de rEaction 
neutre (lors de la separation des deux mEtaux on peut se passer de 
Palcool), puis neutralisEe au moyen de pyridine diluEe (1 : 10) en 
prEsence d’orange mEthyle (2—4 gouttes suffisent pour une solution 
sensiblement neutre). Le tout est abandonnE au repos pendant 5—20 
minutes, jusqu’a formation d’un lEger trouble. 

Apres addition de 15 cc de pyridine diluEe (1 : 10) aussi pure que 
possible, on fait passer, pendant s / 4 d’heure, un courant modErE de gaz 
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carbonique (la v6 dans une solution dilute d’azotate d’argent), jusqu’a 
ce que le precipite se soit rassemble presque entierement au fond 
du vase. Apres un repos de 2 a 3 heures on introduit de nouveau 
du gaz carbonique, cette fois-ci pendant 5 minutes environ, on reeueille 
le precipite, en aspirant legerement, sur un creuset Gooch (AJ a 
plaque filtrante et on le lave par 100 cc d’un liquide sature d’acide 
carbonique et renfermant dans ce volume 4 cc d’alcool a 96% et 4 cc 
de pyridine dilute (1 : 10). Le precipite est desseche a 120° (2- 3 
heures suffisent completement) jusqu’a poids constant ( Pb/PbCO ’ 3 -= 
0*2754), ou bien transforme en oxyde par calcination, dans un creuset 
en porcelaine protecteur, dans la flamme d’un bruleur a gaz ordinaire 
(Pb/PbO = 0*9283). 

Le filtrat (s’agit-il de faibles quantites d’argent, on le concentre 
par evaporation) est d’abord neutralise, en presence d’orang£ methyle, 
par de l’acide azotique (1:3) jusqu’a faible reaction acide (4—5 cc 
suffisent pour 15 cc de pyridine 1 : 10). 11 est ensuite porte k l’ebulli- 
tion, precipite par de l’acide chlorhydrique, apres quoi on precede 
de la maniere habituelle dans le dosage de l’argent. 

Institute de Chirnie analytique 
a PE cole Poly technique tcMque de Brno 
( Tchecoslovaquie ). 


Notes: 

J ) Jusqu'& pr6sent, les composes insolubles suivants ont yte utilis6s: aveo 
addition d’alcool: PbCl 2 , PbS0 4 et Pb(I0 2 ) 2 ; PbCrO t , molybdate, PbC 2 0 4 , 
Pb 9 {P0 4 ) 2 , PbC0 3 , PbOHCNS, Pb0 2 par voio chimique et par voie electrolyti- 
que f PbS, Pb . Parmi ces corps le PbS et le Pb0 2 pr^sehtent la moindre solu¬ 
bility dans l’eau. 

*) R&p. chim. appl. 4 (1862), 21. 

s ) A. Rudisiile: Nachweis, Bestimmung und Trennung der client . Elements. 
Bd. III., p. 448. Glowes et G ole man: Quantitative Analysis 11 Ed. p. 91. 
H. Wolbling: Lehrbuch der analytischen Chemie p. 293. 

4 ) A 19*9° C 100 gr d'eau dissolvent d’apres divers auteurs: 1*11.10~ 4 , 

1*68.10~*\ 1*75.10— 4 gr PbC0 9 ; 'Plpwq* — 13*48, done p uo ^ = Pp b •• 6*74. 

5 ) Bi, Sn, Sb, Fe'\ Al , Be, Cr"\ Ti“'\ U0 2 \ Th, Zr ; k la separation du 
Fe“* d’avec Mn" la pyridine a ete employee par J. A. Sanchez: Bull. Soc. 
Chim . (4), 9 ; 880—881, 20/9—5/10. 

•) Z . anal . Chem . 72 (1927), p. 207, voir aussi l'analogie chez Mn, Zn , 
Ni, Co, Cu , Cd. 

7 ) Z. anal. Chem. 70 (1927), 448. 

®) Z. anal. Chem. 67 (1925/26), 277. 
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•) Z . anal. Chem. 67 (1925/26), 278. 

10 ) Exempt de bismuth. 

u ) La solubility du sulfure de plomb dans l’eau est plus faible que celle 
du carbonate. 100 gr d’eau 4 la temperature ordinaire dissolvent 8*6.10— 5 gr 
de PbS , de sort© quo pour le sulfure p Pf} ~ 14*5 centre p pt) = 6*74 pour le 
carbonate. 

n ) Fond k 879°. 

18 ) PL4g t (jo t — 11*3, done p ao » = 3*96 centre p co » = 6*74 pour le carbo¬ 
nate de plomb en solution aqueuse saluree. 

14 ) 25 cc renferment done 98*7 mgr d’argont. 

1# ) D6'}k pour 80 cc de liquid© de lavage. 

«) 15 cc. 

17 ) Lorsquo l’acidit6 est trop forte, on 6vapore l’cxc&e d'acide azotique. 



SOME REMARKS ON “A SIMPLE METHOD FOR THE SPECTRO- 
SCOPICAL CHARACTERIZATION OF ORGANIC DYESTUFFS AND 
OTHER COLOURED SUBSTANCES” 

by JAROSLAV 7 FORMANEK. 

Under the above heading Dr. Chloupek published in this Journal. 
1933, page 218 a method or methods which he recommends to be used 
for the spectroscopical analysis of organic dyestuffs and other coloured 
substances. Due to the fact that Dr. Chloupek considers the suggested 
method to be — especially with regards to its practical value—superior 
to my own method used in the spectroscopical analysis of organic 
dyestuffs and various coloured substances, and furthermore because 
the method he recommends is known for a considerable period of 
time, I consider it proper and to be entitled to it, to say a few words 
about the above paper. 

Dr. Chloupek states that my “Untersuchung und Nachweis orga- 
nischer Farbstoffe auf spektroskopischem Wege” is an ancient publi¬ 
cation printed in 1908 and 1912. A more careful study might have 
shown that in 1925 and 1927 further volumes of it have been published 
and that in the fourth part of my work the publication of the final part 
and of supplements has been promised. 

According to Dr. Chloupek, my method doe£ not seem to have 
gained very many followers probably because of the extensive personal 
experience needed for the correct interpretation of the results. 
Dr. Chloupek has so far demonstrated no experience in the spectro¬ 
scopical analysis of organic dyestuffs, is not sufficiently acquainted 
with the spectroscopical analysis of dyestuffs, and cannot therefore 
give any expert opinion on somebody else’s method for the determi¬ 
nation of dyestuffs. This lack of knowledge of course explains why 
Dr. Chloupek has no idea of the value of my method as proved in 
the technical practis and has no knowledge of the reports published. 

In my method no extensive personal experience is a condition sine 
qua non! Anybody who has a good eyesight and a talent for spektro- 
scopical work learns the determination of dyestuffs by means of the 
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same easily and quickly. Not even an extraordinary accuracy of mea¬ 
surements is essential as, thanks to the smaller groups into which 
my system divides all the dyestuffs, the dyestuffs in question are 
found without difficulties. 

While recommending a method for the determination of organic 
dyestuffs Dr. Chloupek uses as his chief and only argument the 
discrepancies in the determination of the maxima of the absorption 
bands of potassium permanganate as performed and published by 
various authors, 1 ) but he fails to add, that most of these authors pos¬ 
sessed unsuitable spectroscopes or obsolete spectrographs, which caused 
the discrepancies. On the other hand it is quite surprising that Dr. 
Chloupek does not report a single case which could prove the existing 
accuracy of the measurements of such maxima. Numerous dyestuffs 
possessing narrower bands in their absorption spectra may be measured, 
as shown in my work, with the accuracy of 2 to 5 Angstrom, this being 
entirely sufficient for their determination and characterization, espe¬ 
cially in the combination with the use of simple reagents 1 introduced 
and while working by means of a grating spectroscope and suitable 
eyepiece. 

The method Dr, Chloupek proposes, and which he claims to be his 
own method, is known in various variations, in variations which have 
been worked out in a distinctly superior way for some seventy years. 

Let us consider Dr. Chloupek’s technique. 

In order to obtain the course of the absorption curve Dr. Chloupek 
places in front of the slit the absorbing solution in the form of a prism. 
By means of the spectroscope he studies the absorbing solution ar¬ 
ranged in an evenly increasing thickness, while into the solution contain¬ 
ing a square absorption cell a rectangular glass prism is being placed. 
This method is nothing else but that one of Angstrom of 1854 8 ) and 
of Glads ton of 1857, 3 ) which authors placed the absorbing solution 
directly into a prismatic cell. 

In his method Dr. Chloupek corrects the broken path of light 
before the slit by means of an '‘according inclination’’ of the light 
source. Gibbs in 1870 4 ) corrects this error by means of a second pris¬ 
matic cell of equal dimensions as the first one which, being filled with 
the solvent in question Is placed in opposite position to the first cell. 
Such an arrangement must be considered of course theoretically more 
correct and superior as well as more feasible. 

The same arrangement has been used by Melde 5 ) in 1883. Kay ser 6 ) 
in 1905 writes: “F. Melde macht noch zwei andere unbrmitchbare Vor- 



schlage: Man solle in ein GefaB die konzentrierte LOsung gieBen, dar- 
iiber vorsichtig das LOsungsmittel; dann bilde sich durch Diffusion 
eine Schicht, in welcher von unten naeh oben die Konzentration ab- 
nimmt. Dieser Vorschlag ist unbrauchbar weil man die Konzentration 
in verschiedener Hohe nicht kennt! ,, 

The absorption curve resulting in Dr. Chloupeks method (first 
method) may be substantially influenced by means of an accidental 
shaking of the cell, which shaking will mix or change the layers and 
concentrations; the same change may be caused by an accidental and 
irregular warming of the cell or of the liquid. It is furthermore to be 
suspected that such a development of the diffusion, which may allow 
the measuring, involves a considerable period of time. 

The problem, whether the diffusion creates an absorption curve of 
a correct form remains ail open question. It is to be suspected however 
that — especially in cases when the analyzed dyestuff contains a small 
admixture of another dyestuff and in cases of dyestuff mixtures - - 
an irregular, false absorption curve will be obtained due to the varying 
diffusion-velocity of various dyestuffs. 

The same complication must be expected when Dr. Chloupek makes 
a permanent sample for comparison out of a strip of an undeveloped 
photographic plate freed from silver salts. This method furthermore 
involves considerable work, may stir up the layers of the analyzed 
solution, to say nothing about the changes in the concentration of the 
single dyestuffs forming the mixture analyzed in the permanent strip 
after 1 / 2 —1 hour of washing of the plate. 

Dr. Chloupek brings nothing new. His utilization of principles which 
are known to a serious scientific worker in spectroscopy for scores of 
years shows no improvement whatever. He does not say a word about 
a single one of his own measurements, he does not show a single picture 
of the curves determined by his method, both absolutely essential in 
the consideration of the value of his method, which he presents in 
a surprisingly vague manner. 

Should Dr. Chloupek's method be of any value for the technical 
practice and find any followers, an atlas of absorption (extinction) 
curves of several thousands of dyestuffs and of their mixtures would 
have to be on hand. Nevertheless I presume that it would be quite 
impossible to find the curve of the analyzed dyestuff between those 
thousands of curves, to say nothing about the identification of dyestuff- 
mixtures; while on the other hand all such identifications are easily 
achieved using my own method. 
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Similar and better methods than that one of Dr. Chloupek have 
been suggested from time to time. They all disappeared because their 
authors published only a small number of actual measurements and 
because the methods were slow and laborious. Some of those methods 
(for example the spectrodensometric method) were theoretically correct, 
but because of the lack of an atlas they were totally useless for tech¬ 
nical practice. 

My own method found a broad use because I worked out and pub¬ 
lished so far the spectroscopic data of over 5000 dyestuffs and because 
1 am working out supplements covering such dyestuffs w T hich have 
been introduced on the market since the publication of the previous 
volumes. 

Received October 26th , 1933 . 

The Institute of Chemical Engineering 
of the Agricultural and Forestry Department , 
The Czech Institute of Technology , Prague 
(Vysokt Uceni technicM). 
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COMMENTS UPON THE THIRD LAW OF THERMODYNAMICS 


by V. NJ EGOVAN. 

The increase of “heat content” of a gas heated under constant 
pressure from absolute zero to a temperature T is given by the ex¬ 
pression 

T 

4>= (%T + \c' p dT 

O 

where C' p represents that part of the heat capacity which is dependent 
on temperature. 

Tt can be inquired first, what may be the actual physical meaning 
of the quantity 

Q=\TdC p 

o 

As is known, the heat capacity of a gas is changing, when it is 
heated, translational, rotary and oscillatory motions, dissociation, nu¬ 
clear and electron spin, ionization, and probably also other phenomena 
being the inner causes of this change. Provisionally the hypothetical 
degeneration of the gas in the neighbourhood of absolute zero will be 
left out of consideration. 

All these phenomena occurring in the gas when it is heated, have 
this feature in common, that occasionally forces become important 
which externally did not appear to be operating before. 

Thus hydrogen behaves at very low temperatures as a monatomic 
gas. With increasing translatory motion which, according to definition, 
has its origin only in the heat supplied from outside, the particles clearly 
come occasionally so near to each other, that the forces of attraction 
can come into play, the behaviour of a typically diatomic gas making 
its appearance. These attraction forces between the atoms are gene¬ 
rally also the natural causes of rotation, vibration and dissociation. 


29 
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Similar forces acting in the interior of the atom itself cause the nuclear 
and the electron spin, as well as the ionization. The attraction forces 
between the molecules come into being only with real gases, whereby 
still further changes of the heat capacity are brought about. However, 
provisionally only ideal gases will be considered here. 

Tt must be noted that all these inner forces are causing no tempe¬ 
rature increase, but only a change of the heat capacity. Their appear¬ 
ance is made possible just through giving them the opportunity of doing 

T 

work. Wheras thus the integral yC p dT is representing the energy 

h Cp 

supplied from outside, the expression \TdC' p indicates evidently 


o 

that part of the internal energy, which did not manifest itself before 
towards surroundings, and which now presents itself as latent heat. 
A certain part- of the inactive internal energy was transformed into an 
active form having the character of a latent heat. The internal energy 
has thus changed qualitatively , but not quantitatively. 

9 

We shall denote the quantity \^TdC p as the internal effect . 


o 

Similar reasoning can be applied also to solids, though here the inner 
conditions are, of course, even much more complicated. However, the 
course of the curve is simpler for our further considerations. It is thus 
our intention to treat first solids and then gases. The liquid state will 
bo provisionally left out of consideration entirely, because here the 
course of Ci in the neighbourhood of absolute zero is unknown, and 
thus it remains uncertain to what extent the third law is valid also 
here. 

When grey tin is heated from absolute zero to the transition tempe¬ 
rature T u = 291° abs., the heat content is 

Qgr — ^CgrdT, ( 1 > 

‘ o 

the internal effect being 

?*r,u 

Q gr ~\TdC gr . 

o 
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The total increase of the active energy of the body is therefore 

u 

ClfiT — Qgr Q&r ~ = ^ ^gr AT + ^ Td C^ r . 


Quite similarly we have for white tin the heat content 

Q w =\c„.dT, 

0 

whereas the total increase of the active energy is 

t r 

' V ~w, u 

CUr — Qw + Qw ■= ^ G w d T + ^ Td C w . 


( 2 ) 


(3) 


(4) 


This conception must be applied consistently also to Kirchhoff’s 
Jaw. Instead of writing 


L = L„ + \c w dT—\c ttr d.T, 

where L a is the heat of transition at the absolute zero point, 
one must thus express the law in the following more extended form: 

T T C f* 

" \srnu 

X = L a + \ C w dT—\ CgrdT + \ Td.C w — \ TdC er ----- L + L. 

The heating of the grey tin from absolute zero up to the transition 
temperature and the further heat supply, till the transition is complet¬ 
ed, will be described by the usual equation 

rn rp rp rp 

* U , U % « 

Qw,u=\C gr dT + \c w dT—\C gr dT =\c w dT. 

O 0 0 0 

In this instance L 0 — 0, according to Nernst’s theorem. 

29 * 
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According to our conception, however, the increase of the active 
energy is 


T 


°Zr,» 


• 9 • 7» 

a,, u - \ CardT+ \ TdCgr + \c u .dT—\ C ir dT+ \ 




gr 

O 0 

T 


w, u 

TdC w 


u 


\TdC gr ^-\c u .dT + \TdC„. 


(4') 


Passing now on to the entropy it follows from the equations (1) 
and (3) 

T 

dT 


$ 1(7 _ 

°»r — ^ ( 'ir rp 

o 


, _ r" dT L 1*“ dT 

and -SV = \ C (( ,, /T f- T = \ C ir T •. 


Using, however, our equations (2) and (4) we*, obtain 

T c 

. M w 

® or^Car^- t TdC gr 

o o 


(5) 


C T C 

\ u > w > u . M ,£ r > u 

®»=\c.- d £~+ X f \TdC w - \ C ln . ~ ^TdCgr+^p ■ (6) 

o o v o 


One could object here that the additional terms 

r r 

„gr t u ,w t u 

l^TdCgr and -j^TdCV, 

o o 

should (analogously to the entropy in the narrower sense), be divided by 
T before integration. However, we must not forget that they have the 
character of a latent heat which does not cause any temperature 
increase. This conception may be perhaps not entirely plausible at 
first sight. However, when the expressions are integrated after having 
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been divided by T, we obtain for them values of Cg r and C w which 
leads to a mathematical absurdity, as one can demonstrate easily. 1 ) 

At this point also the relations 

= T \c ur dT 

O O 

C w T 

\,\rdc w = c u ,-f\c„dT 

O o 

must be recalled to mind. 


We shall now apply these considerations to Helmholtz’s equation 
for the free energy (maximum work) and write: 


T 

dT- T\^dT-. 


T 


L 


T 

X L 


7 T 9 -.- ?*». 

-~t\ d ~ \ (<?„,- C^dT + \TdC w -\TdCg r . 

o o o o 

In integrating the second expression (with L) we must treat L as 
a constant for the above mentioned reasons. 


i r r 

*) If wo should have in the equations (5) and (6) C^ r instead of j*yTd C^., 


and C w instead 


of it would follow therefrom 

o 


C w - C^ r : 




tS 


gr 

TdC t 




because there we have 


d JL -in 

J w ~ T ] Or rp " *t p 


Herewith are corrected the present author’s reflections in the Arh. Hemiju 
iEarmamju 1932, 6, 154. Comp, also Z- Elektrochem. 1925, 31 , 691 and J. Chim. 
phijs. 1928, 25, 65. 
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From the known measurements of Lange it is calculated, that the 
difference 


*W, U 

[TdC u 


yTdC rr ~ (0,,,— Cgr) T u — 


o 


^Cv-C^dT 


10 cal. 


has nearly the small value which had to be accounted for in order that 
the theorem of Nernst might be fulfilled exactly. 2 ) 

All these considerations can be applied also to gases. We shall 
consider here the case of sublimation of a solid, in order to evade the 
liquid state. 

The heat content of the gas at the temperature of sublimation T s be 
described, as usual, by the following equation: 

Q„a*^\Csd T + L 0 + G° P T + \c p dT—\c s dT -- 



O 


Here G' p is again that part of the heat capacity of the gas which is 
dependent on temperature, and C s the heat capacity of the solid state 
as a function of temperature. 


The corresponding entropy equation is 



o 


Lo 1 fiO , 1 

rp ' ~r -+• *jf 



^C'dT 


or also 


S gag «= CTplnT + \c p Rlnp + S° p . 


*) A. Eucken: Lehrbuch der chemwchen Physik, Leipzig 1930, p. 159; Z* 
phyaikaL Chem . 1924, 110, 343. 
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The total increase of the active energy is in this instance 

C,, s T s 

£W = \c,dT + \TdC t +L„ + Cf> p T+ \c‘ p dT - 


-S 7 p,3 ~S,S 

\C.dT + ^TdCp — ^TdCs 


,P>* 


= 0°pT + \c p dT + \ TdC'p + L 0 . 


be 


The corresponding increase of entropy in our extended sense would 


T s C. . 


, - , *» - , - 

)C. 4 “ + f\ TdCs + ~t + + l T \VpdT 

O o 

C'p.s Css 

i \ C, d T + TdCp- l\ TdC s - 


= 8 


gas 4 - y ^ T d Cp 

o 


?p 


CfplnTg + \c f p ^ — Rlnp + i? p + ~ \TdC; 
o o 




C° p lnT 8 + \g p ~ — RInp + ®° p . (7) 


From the equations (5), (6) and (7) it follows that, according to this 
conception, a comparatively small additional term has to be added to 
the entropy. When an allotropic or a polymorphic modification is 
transformed into another one, the term corresponding to the disappeared 
form is always compensated, it remains thus always behind with gases. 
However, because it vanishes at low, as well as at “ordinary’ 5 tempera- 
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tures, it will have scarcely any perceptible influence on the magni¬ 
tude of the entropy at 298* 1° abs. Only at high temperatures will 
this additional entropy term acquire a value worth consideration. 

Applying now our considerations to the Clapeyron-Clausius' 
vapour pressure formula we obtain 

T T 

l ° g P = 2-3ft \ T* dT + Wk \ f^ dT + lo “ 

0 o 

c'p S 

= "2-3ft \ f* dT ~ 23 RT \ TdC P+ 2WRf\ TdC * + l °> 

o o 

and putting 

C'p C s 

~ 2ZRT \ TdC P + 2-3Rf\ TdCs —tp + 't’ 
o o 

evidently 

i -= i 0 ip H~ i s 

is that quantity which is determined empirically and which A. Eucken 8 ) 
designates, as is known, the “vapour pressure constant” (j p ) 9 to 
distinguish it from the “chemical constant” (;&). 

However, because i p usually vanishes at the sublimation tempera¬ 
ture, the quantity i 0 + i s is actually determined as the “vapour 
pressure constant” i. In passing on to the affinity equation the expres¬ 
sions referring to the solid state are cancelled, thus also i s , and we have 
for a homogeneous gas reaction 

Zn(i„ — i p ) ~ I 0 — JSni p = 3 . ( 8 ) 

Because, however, i p for individual gases, as well as Snip forth© 
whole gas reaction, even at high temperatures, is still comparatively 
small, practically 

Sni# ~~ lo — x s t ( 8 ) 

whereby i 0 can signify nothing else but the statistically calculated “che¬ 
mical constant” in the above mentioned terminology of Eucken (?*). 
The value of Snip occurs in the equation (8) as a small correction. 
Thus, for the instance of water formation, it is calculated from the 

«) 1. c., p. 286. 
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equations for C p set up by G. N. Lewis and M. Randal], that for 
1400° abs. Snip — —013, due regard being paid also to the de¬ 
crease of C p of hydrogen at very low temperatures. 

Through the falling off of the term i s in passing from the vapour 
pressure equation to the affinity equation, those discrepancies are ex¬ 
plained, to which attention first had been called by A. Eucken. 

From all this it is evident that besides thermodynamics in the 
narrower sense (external thermodynamics) we have to distinguish also 
an internal thermodynamics. 


Summary. 

In heating a body from absolute zero to a higher temperature we 
have to distinguish besides, in addition to the heat content, also an 

C 

“internal’' effect of the form \ TdC. As this energy quantity has the 

o 

character of a latent heat, its entropy is given by the expression 

c 

~^TdC. This conception applied to the Glapeyron-Olausius 

o 

vapour pressure equation and to Helmholtz’s equation for free 
energy explains some apparent deviations from the third law of 
thermodynamics. 

The Technical Faculty of the University, Zagreb 
(Jugoslavia), January 1 st , 1933. 


Received, February 23 rd , 1933. 



AN ATTEMPT TO EXPRESS THE CHEMICAL CONSTANT 
THERMODYNAMICALLY 


by V. NJEGOVAN. 


At present we have not yet any thermodynamic expression for the 
chemical constant, and thus also for the indeterminate thermodynamic 
constant of the free energy. 

The conception of an internal effect 1 ) advanced by the present 
author leads to the idea that the chemical constant may be reduced 
also to this effect. 

Writing the extended Clapeyron-Clausius vapour pressure for¬ 
mula for the sublimation in the expanded form and putting 


we obtain 


i 0 =logp ( 1 ) 

r 

log P “ 2jR \ T 2dT + 273 R\ r> dT — 2T3°RT + i log T ~~ 


T 


T 


T 




C' 


2,3 Rt\ TdC P + 2.3J? T \ TdC s + !°gp. 


It is assumed that the gas remains ideal down to the lowest temper¬ 
atures and that no degeneration of the gas takes place. The degenera¬ 
tion is besides only hypothetical under the supposition that Nernst’s 
theorem is valid also for gases. Under this assumption the above 
equation is reduced for 1° abs. to 

l 

log?. = -2-3*+log pi 

*) Collection 1933, 5, 415. 


( 2 ) 
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and it is seen, that this expression represents actually the integra¬ 
tion constant of the vapour pressure equation, whereas p 0 is the 
vapour pressure at 1° abs. With increasing temperature also the term 
log po increases, which at the sublimation point at 1 atm. and 
temperature T a attains the maximum value 

v~ l0 ? p. 

In the extended expression for the so called entropy constant of 
ideal gases we should have 

Cp,s 

S 0 =2.3 Bi v + C° p +±\TdC p . (3) 

o 


Now putting in the above value for i 0 we obtain 


^p f s 

e 0 = 2,3* logp, + C' p + 1 * r \TdC p . 

o 

Passing on to the energy equation 

C p, s 

T a e 0 =2,3 RT S log p s + TC' V + \ TdC p 

o 

or after differentiation at constant temperature 

S Q = 2, 3 * T, d log P s + T S d C p s = v dp + T s d C p> , 

whereby the expression vdp represents, according to definition, the 
increase of free energy (apparently at the expense of the inactive 
internal energy). 

After integration and passing on to the entropy equation, we obtain 




1 

t s 


p\s 


\vdp 


+ 




• s \TdC p + C° p . 


Cp would be thus the increase of entropy by sublimation at 1° abs. 
to be reckoned on the account of the inactive internal energy. 

From the equation (1), (2) and (3) it follows 
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P's 



o 


The sublimation takes place when the vaj>our pressure (p) has 
attained the value of the atmospheric pressure. Accordingly p' will 
reach its maximum value at the sublimation point. This value (p' s ) 
is retained also at higher temperatures as long as no dissociation has 
occurred. In case of dissociation the molecules change quantitatively 
as well as qualitatively. Besides the number of molecules also the total 
pressure p changes relatively, the partial pressure p, and thus the 
‘‘chemical constant” i„ — log p' s changing also. 

Now, what is valid for the chemical constant, must, of course, be 
valid also for the thermodynamic constant I 0 , and we have 

P' s 

-*• -2.3»r> d ' , ‘- los 'V 

o 

For this conception we have apparently as yet no experimental 
verification. 

Received, April 29th, 1933. 

The Technical Faculty of the University , 
Zagreb, Jugoslavia, March 31st, 1933. 



POLAROGRAPHIC STUDIES WITH THE DROPPING MERCURY 
KATHODE. — PART XXXIV. — THE SUPPRESSIVE EFFECT OF 
CERTAIN ALKALOIDS ON THE MAXIMUM OF CURRENT DUE 
TO ELECTROREDUCTION OF OXYGEN 

by EUI HAMAMOTO. 

It is a known fact, that with the dropping mercury kathode, the 
current- voltage curve due to the atmospheric oxygen dissolved in dilute 
electrolyte solutions (0*0012 gr equivalent under the normal pressure 
of air at room temperature) shows a prominent maximum. 

A suppressive effect on the maximum due to some adsorptive sub¬ 
stance present in the dilute electrolyte solution has been thoroughly 
investigated by many authors. 

For example, E. Varasova 1 ) studied the effect of inorganic com¬ 
pounds and soap, J. Rasch 2 ), that of fatty acids, and B. (logman and 
J. Heyrovsky 3 ), those of petroleum oil and naphtha. Recent work 
of B. Rayman 4 ) dealt with organic dyes. 

The present author has studied the effect of certain alkaloids on 
the maximum of current voltage curves due to the electro-reduction 
of atmospheric oxygen by the same method as was applied by 
B. Ragman. 

B. Ragman took as characteristic that molar dilution of an organic 
dyestuff, in which the maximum of the current voltage curve due 
to the electro-reduction of atmospheric oxygen in 10~ 3 n. AY// was 
suppressed by one half. This he regarded as expressing the adsorbabilitv 
of the dye, denoting the adsorbability of organic substances in v. 
10 4 litres per one mol. 

Like B. Ragman, the present author takes as a measure of degree 
of adsorption of a substance that molar dilution of the substance dis¬ 
solved in 1 x 10-* n. KOI solution which is sufficient to reduce the 
maximum of oxygen to the half of its original height. The value ex¬ 
pressed by n x 10 4 litres per I mol was taken as an electro-chemical 
adsorbability coefficient. 
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Experiments. 

The measurements were carried out with a polarograph and with the 
dropping mercury kathode. The temperature at which all experiments 
were carried out was 20° ± 1° 0. The solvent for the examined alka¬ 
loids was a 1 xlO- 3 n . solution of potassium chloride from E. Merck. 
The pH value of this KCl solution was 6*07 6-0). The dropping time 

of the mercury kathode was 2*5 secs, per drop at 0 volt. The galvano¬ 
meter was Yanagimoto’s moving-coil mirror galvanometer with a sen¬ 
sitivity of 1 x 10~ 8 amp. per cmjm and a half period of swing of 2 secs. 
The sensitivity of the galvanometer was reduced by a shunt so as to 
give a maximum of 13 x 10—* amp. with a pure 10— 8 n. KCl solution. 

I. Morphine hydrochloride. 

A 10~ 4 molar solution of morphine hydrochloride dissolved in 10“ 8 w. 
KCl was diluted with the 10“~ 3 n. KCl solution as shown in the following 
Table I. 


Table 1. 

The relation between the maximum of current and the concentration 
of morphine hydrochloride. 


No 


Composition of the sol utions 

Final cori- 
10 3 n. centration 
solution f of morphine 
of KCl hydrochloride 


10— 4 molar 
solution of 
morphine 
hydroehlo 


log C 


Height of the 
maximum 
of oxygen 


log (l — V) 



rido taken 

auueu 

(x 10- 6 molar) 


amp.) 


1 . 

0-0 cc 

15*0 ccs 0 00 

•— 

13-0* 

— 

2. 

or» 

14*5 

3-33 

0-52244 

12-8 

0-00673 

3. 

10 

14*0 

6-67 

1-82413 

10-2 

0-10534 

4. 

1-5 

13*5 

1000 

1-00000 

8-5 

0-18452 

5. 

1-75 

13*25 

11-64 

1-06595 

7-0 

0-26884 

6 . 

20 

13*0 

13-32 

1-12450 

5-7 

0-35807 

7. 

2-5 

12*5 

16-65 

1-22141 

5-5 

0-37358 

8. 

30 

12*0 

20-00 

1-30103 

4-6 

0-45118 

9. 

40 

11*0 

26-62 

1-42521 

3-2 

0-60879 

10. 

50 

100 

33-33 

1-52244 

3-1 

0-62258 

11. 

60 

9*6 

40-0 

1-60206 

2-4 

0-73373 

12. 

7-0 

8*0 

46-6 

1-66839 

2-6 

0-69897 

13. 

100 

5*0 

66-6 

1-82347 

2 3 

0-76221 


*) 13 0. 
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The pH value of each solution was measured potentiometrically 
with the hydrogen electrode. The results of the experiments are as 
follows: the pH value of a 3*33 x 10~ 6 molar solution of morphine 
hydrochloride was 6*03, that of a 33*3 xl()- 6 molar solution was 6*10. 

These results tell us that we may neglect the effect of the pH value 
in these adsorption phenomena, because the pH value of a KOI solu¬ 
tion, which was found to be 6*07, was not appreciably changed by 
the addition of a small quantity of morphine hydrochloride. A series 
of many solutions with different concentrations of morphine hydro¬ 
chloride was polarographed, the current voltage curves showing that 
the suppressive action on the maximum of oxygen increases gradually 
with the addition of morphine hydrochloride. Fig. 1 represents one of 
the polarograms obtained. 



Fi*. l. 

The present author assumed with Prof. Heyrovsky and his school 
that the suppressive action on the maximum is due to the adsorption 
of morphine on the mercury surface. 

Moreover, the present author assumes that if the adsorption of 
morphine on the dropping mercury reaches equilibrium during the 
dropping time in spite of the increasing and renewing of the mercury 
surface, the suppressive action (in other words the adsorbability of 
morphine on the polarized mercury surface) should be a direct measure 
of the adsorption. Thus this suppressive effect which can be expressed 
by the difference of height of the maximum without morphine hydro¬ 
chloride and that with morphine hydrochloride 

(/ — l ) . (I being the height of the maximum) 

should be directly proportional to that part of the surface of mercury 
which is occupied by the morphine hydrochloride; assuming a mono- 
molecular layer of adsorbed molecules, the latter area is directly pro¬ 
portional to the adsorbed morphine hydrochloride. If it be so, we may 
apply Freundlich's isothermal adsorption formula. 

i 

— aC n 


( 1 ) 
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Or expressed in logarithms 

log (/—/')= log a + -i-log C .(2) 

tv 

In Fig. 2 log (l — /') is taken as ordinate and log C as abscissa. 
This result shows that the relation between log (l — V) and log C is 
a linear one. 

Thus the assumption suggested by the present author is in accord 
with Freundlich’s adsorption formula. . 

The slope ft of the straight line in Fig. 2, can be read from the graph 

and thus allows us to calculate — from tan ft . 

n 

That is 

tan »?=-- = 0-733 «=--1-37. 
n 


, .i„ .—-- . -- 

0 s y ' 1,0 7.5 10 


A 

Fig. 2.' 

In Fig. 2 let A be the point of intersection of the straight line 
with the Y axis, then 

AO log a. 

Therefore, 

log (l — V) -~v40 + tan ft log C .(3). 

In the present experiment, the concentration C fi at which the maxi¬ 
mum was suppressed to its half, that is, 

10 ® amp., 

is graphically found to be 12*63 x 10~~ 6 . 
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The reciprocal of this value, that is, = V„ --- 7-92 x 10 4 is an 

^ a 

electrochemical adsorbability coefficient. Thus the electro-chemical 
adsorbability coefficient characterising morphine hydrochloride is found 
to be 7-92 (in 10 4 liters).*) 


*) Note of the editor . If the formation of a monomolecular layer adsorbed 
around the mercury drop is assumed, it Reoms plausible to express the adsorption 
in terms of Langmuir’s isotherm, which has been recently successfully 
applied by P. Herasymenko and I. Slendyk to processes at the dropping 
mercury kathode. (Comp. Zeit. f. physik. Chem. [19301, A. 149, p. 123). 

According to this point of view the number of oxygen molecules, n, adsorbed 
at a unit area is given by 

Z.v^.C 
n= ~ 1 f <o. a 


where Z is the total number of places for molecules available in the surface 
layer, C the bulk concentration of oxygen and to the adsorption coefficient 
characterising the force which holds the particle in the interface. 

If a new substance, e. g. an alkaloid bo added, the number of places available 
in the surface layer is partly occupied by the alkaloid molecules so that the 
spaces available for oxygen become now 

z. to . a 

n 1 + \o.C+to']C' ’ 


where oZ and ( u express the adsorption coefficient and the concentration of 
the alkaloid. 

Now the maximal current, which is equal to the rate of adsorption of oxygen, 
can he taken as proportional to the number of molecules, n % which would be 
adsorbed at the final equilibrium of adsorption. Thus the maximal current. 


Z-A\ 


Z L to . c 
r~{ o>.a * 


The maximum is, however, lowered by the adsorption of a certain number 
of molecules of the alkaloid which occupy some places of the interface, depressing 
the maximum to a lower value, V, which has to be proportional to n\ or 




Z.w.C 


1 -f- to . C -f" • C' 


In tho case of a 50% suppression of the maximum we have 
l 0 1 ■}* wC c o'C f k -}- <o'O' | W'C' 

from which 

= k . (o' = Va . 


i. e. the physical meaning of the dilution at which a 50% suppression of the maxi¬ 
mum is effected is a quantity proportional to the adsorption coefficient in 
Langmuir's adsorption isotherm . J • Heyrovsky. 


30 
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II. Atropine sulphate. 

A similar experiment was carried out with atropine sulphate. The 
experimental results obtained with atropine sulphate are shown in 
Table II. 

Table II. 

The relation between the maximum of current and the concentra¬ 
tion of atropine sulphate. 


Composition of the solution 


No 

10— 4 molar so¬ 
lution of atro- 
pino sulphate 
taken 

10- 8 n. 
solution of 
KOI added 

Final 

concentration 
of atropine 
sulphate 

C 

( x 10— 6 molar) 

Height of the 
maximum 
of oxygen 
l (in 10~* amp, 

1. 

0*0 cc 

15 0 CCS 

0*00 

13*0* 

2. 

0*25 

14*75 

1*67 

11*9 

3. 

0*4 

146 

2*67 

8*0 

4. 

0*5 

14*5 

3*33 

6*7 

5. 

(Mi 

14-4 

4*00 

6*6 

6. 

1*0 

14*0 

6*66 

5*25 

7. 

1*5 

13*5 

10*00 

3*2 

8. 

2*0 

130 

13*33 

2*0 

9. 

5*0 

10*0 

33*33 

— 


The electro-chemical adsorbability coefficient of atropine sulphate 
calculated from Table II is 23-98. 

III. Papaverine hydrochloride. 

The experimental results of this alkaloid are shown in Table III. 


Table III. 


The relation between the maximum of current and the concentration 


of papaverine hydrochloride. 

Composition of the solutions 
10— 4 molar 


solution of 
papaverine 
hydrochloride 
taken 

0-0 cc 
0*5 


10 * n. 
solution of 
KCl added 


15-0 ccs 
14*5 


Final 

concentration 
of papaverine 
hydrochloride 
C 

(x 10—* molar) 


Height of the 
maximum of 
oxygen 

l (in 10—* amp.) 


*) Z-13 0, 



433 


Composition of the solutions 


No 

10— 4 molar 
solution of 
papaverine 
hydrochloride 
taken 

10— 8 n. 
solution of 
KCl added 

rinai 

concentration 
of papaverine 
hydrochloride 

C 

( x 10— 6 molar) 

Height of the 
maximum of 
oxygen 

l (in 10 8 amp.) 

8. 

0-9 oc 

14-1 ccs 

6-00 

6-5 

4. 

1*0 

14-0 

6*66 

6-2 

5. 

1-5 

13-5 

10-00 

3-6 

6. 

2-0 

13-0 

13-33 

2-3 

7. 

3-0 

12-0 

20-00 

0-8 


The electro-chemical adsorbability coefficient of papaverine hydro 
chloride is 16-67. 


IV. Quinine hydrochloride. 

Similar experiments were carried out with this alkaloid and the 
results are shown in Table IV. 

Table IV. 

The relation between the maximum of current and the concentration 
of quinine hydrochloride. 


Composition of the solutions 


No 

10— 4 molar 
solution of 
quinine 
hydrochloride 
taken 

10- 8 n. 
solution 
of KCl 
added 

Final 

concentration 
of quinine 
hydrochloride 

C 

( x 10— 6 molar) 

Height of the 
maximum of 
oxygen 

l (in 10 -* amp.) 

1 . 

0 0 CC 

15-0 CCS 

0-00 

13-0* 

2. 

0-5 

14-5 

3-33 

10-7 

3. 

0-75 

14-25 

5-00 

8-25 

4. 

1-0 

14-0 

6-66 

6-9 

5. 

M 

13-9 

7-33 

6-0 

6 . 

1-25 

13-75 

8-33 

5-5 

7. 

1-5 

13-5 

10-00 

4-3 


The graphically determined adsorbability coefficient of quinine 
hydrochloride is 16-98. 

V. Strychnine nitrate. 

In a similar manner, the experimental results with this alkaloid are 
shown in Table V. 

13-0. 


30 * 
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Table V. 

The relation between the maximum of current and the concentration 
of strychnine nitrate* 

Composition of the solutions. 


No 

10— 4 molar 
solution of 
strychnine 
nitrate 
taken 

10- 8 n, 
solution 
of KCl 
added 

Final 

concentration 
of strychnine 
nitrate 

C 

( x 10—‘ molar) 

Height of the 
maximum of 
oxygen 

l (in 10—* amp,) 

1 . 

0*0 CC 

15*0 CCS 

o-oo 

13*0* 

2. 

0*5 

14*5 

333 

10*5 

3. 

0*76 

14*25 

500 

7*4 

4. 

1*0 

14*0 

6-66 

6*1 

5. 

1*25 

13*75 

833 

4*6 

6 . 

1*5 

13*5 

10- 00 

4*4 

7. 

2*0 

. 13*0 

13-33 

3*3 


The graphically determined adsorbability coefficient of this alkaloid 
is 1304. 

Conclusion. 

It is a well known fact that the surface activity of alkaloids is much 
affected by change of the pH value of the solution, i. e. the free alkaloid 
and alkaloid ion have different surface activities. However, as in the 
present investigations the experiments were carried out with very dilute 
solutions of alkaloid salts — e. g. morphine hydrochloride 10"“® molar — 
where the presence of alkaloid salts did not appreciably change the pH 
value of the electrolyte solution, we may neglect the change of pH, 
Comparing the results obtained with those from organic dyestuffs by 
B. Ragman, the author ascertained that the adsorbability coefficients 
of both the organic dyestuffs and of the alkaloids investigated are appro¬ 
ximately of the same order of magnitude. In other words, the alkaloids 
have from 10 3 to 10 5 times greater adsorbability coefficients than the 
lower fatty acids investigated by J. Rasch. 

From the applicability ofFreundlich’s isothermal adsorption for¬ 
mula to the suppressive effect of alkaloids on the maximum of the 
current-voltage curve due to the reduction of oxygen, we may conclude 
that the adsorption approaches the equilibrium state in a relatively 
short time, that is, in the dropping time of the mercury drop which 
is about 3 seconds. 


*) Z = 13*0. 
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Further, the suppressive effect of alkaloids on the maximum of the 
curve may be ascribed to the monomoleeular adsorption of the alkaloid 
on the surface of the mercury electrode. 

The following adsorbability coefficients of alkaloids on the mercury 
surface were obtained: 

Alkaloid I/O,, — T„ 

Atropine sulphate.23-98 x 10 4 liters 

Quinine hydrochloride.16 98 

Papaverine hydrochloride ... 16-67 

Strychnine nitrate. 13-04 

Morphine hydrochloride. 7-92 

The author wishes to express his thanks to Professor Masuzo 
Shikata, Assistant Professor Isamu Tachi and also to Professor 
Shunjiro Hattori, with whose advice and kind assistance he was 
enabled to carry out this investigation. 
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P0LAR0GRAPH1C STUDIES WITH 
THE DROPPING MERCURY KATHODE. — PART XXXY. — THE 
ELECTROLYSIS OF AQUEOUS SOLUTIONS OF BERYLLIUM SALTS 

by W. KEMULA and M. MICHALSKI. 

In the table of the deposition potentials of metals at the dropping 
mercury kathode compiled from the papers by J. Heyrovsky and 
collaborators the value of the deposition potential of beryllium is 
lacking. In G. Semerano’s monograph 1 ) which was published 
after the experiments described in this paper were completed, there 
is a note that “the electrolysis of beryllium salts does not give satis¬ 
factory results because of the strong hydrolysis”. We have found, 
however, that under certain conditions the above difficulty can be 
overcome. A study of the deposition potential of beryllium seemed, 
moreover, interesting also from the analytical point of view for the 
qualitative and quantitative determination of this element in the 
presence of other cations. 

Experimental part. 

1. Apparatus. The usual polarographic apparatus was employed.*) 
The mirror galvanometer had the sensitivity of 2-7 x 10~ # amp. per 
mm of the scale, the half period of swing of 4-6 sec. and the internal 
resistance of 600 ohms. 

The anode potential was compared with that of a normal calomel 
electrode. 

The electrolysis was carried out in the hydrogen atmosphere. The 
mercury used for electrodes was twice redistilled. 

The glass capillaries for the dropping kathode had the rate of 
dropping of 5—6 sec.' in distilled water, the level of the mercury in 
the reservoir being 60 cms above the solution. 

2. The preparation of beryllium salt solutions. Because it was im¬ 
possible to obtain pure specimens of beryllium salts, they had to be 
prepared in our laboratory. 
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Beryllium chloride, BeCl 2 , was prepared by dissolving a weighed 
amount of metallic beryllium supplied by A. Hilger (London) in an 
equivalent amount of dilute hydrochloric acid. Tn the certificate of 
this firm it was stated that the amount of impurities in the metal did 
not exceed 0*74%. 

After repeated evaporation of beryllium chloride from solutions 
in distilled water the salt obtained was dissolved in water in a measur¬ 
ing flask. 



Current-voltage curves of 0*1 n BeSO A at different sensitivities 
of the galvanometer. 

Beryllium sulphate BeSO t . 4 H 2 0 was prepared according to V a- 
nino (Preparative Chemie , 2 ed. Vol. I, p. 420) from beryllium carbo¬ 
nate by dissolution in an equivalent amount of sulphuric acid. The 
solution was then concentrated over waterbath to crystallisation, 
three times recrystallised and dried on air. A weighed amount of this 
salt was dissolved in water in a measuring flask. 

Other substances used were of guaranteed purity. 

3. The determination of the deposition potential of beryllium . The 
solutions of beryllium salts were electrolysed in the usual polaro- 
graphic arrangement. Because beryllium salts are to a great extent 
hydrolysed 8 ) it was to be expected that a “wave” on the current- 
voltage curve, due to the electro-deposition of hydrogen will appear 
on the polarograms. The preliminary experiments have shown, indeed, 
that hydrogen ions resulting from the hydrolysis of beryllium salts 
produced the increase of the current before the deposition potential 
of beryllium was attained. It was thus necessary to decrease the sensiti¬ 
vity of the galvanometer. 



The curves obtained with a small sensitivity of the galvanometer 
show two increases of the current; of these the first increase is due 
to the hydrogen deposition and the second one to that of beryllium. 
In some cases it was found that the current of hydrogen deposition 
divides into two waves (See Fig. 1.). The cause of this complicated 
sort of hydrogen deposition may be the presence of different catalytic 
centers at the kathode surface which lead to hydrogen deposition at 
different kathode potentials. 4 ) 

The deposition of hydrogen ions in the normal solution of beryllium 
sulphate begins at — 1-4 volt, which value indicates 3 in appro¬ 
ximate agreement with the value found by V. Oupr.®) Owing to this 
comparatively strong acidity the deposition of beryllium from con¬ 
centrated solutions of its salts becomes indistinct. 

However, in solutions containing 0*1. 0*01 and 0*005 equivalents of 
beryllium per litre it was possible to determine the deposition potential 
of beryllium. In some cases we have succeeded to suppress the con¬ 
centration of hydrions by additions of sodium acetate. 

Table I contains the values of the observed deposition potentials. 
In this table the kathode potentials denoted as “I” were measured on 
the polarograms obtained with high sensitivity of the galvanometer, viz. 
2-7 x 10~~ 8 amp./ram; kathode potentials II refer to the values obtained 
on the polarograms recorded with the decreased sensitivity of the gal¬ 
vanometer (1*1 x 10“~ 6 amp 


Table I. 


Composition 
of the solution 

0-005 n BeSO l 

Kathode potential I 
Sensitivity 

2*7 x l(> 8 amp. 1 mm 

Kathode potential II 
Sensitivity 

1*1 x 10—* amp./mm 

+ 0-03 n CH z COONu 
+ 0-005 n KOI 

— 1*04( 8 ) volt 

— l-82(,) volt 

0-005 n BeSO t 
+ 0-05 n CH a COOK 

- l-«4( 0 ) 

— 1*83( 0 ) 

0-01 n BeCl 2 


- 1*81(.) 

0-01 n BeCl 2 

- 1*61 ( 8 ) 

- l-82(,) 

0-01 n BeSO x 

— 

— 1*81( 4 ) 

0-01 n BeSO x ' 

— 

- l-82(,) 

0-1 n BeSO 4 

- 1-41(.) 

- l-77( 9 ) 

0-1 nBeSOi 

- 1-41( 0 ) 

- l-79( 0 ) 

0-1 n BeCl 2 

— 

- l-70(.) 
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The values of the kathode potentials observed at higher current 
intensity (i. e. read off the polarograms obtained with the decreased 
galvanometer sensitivity) represent the deposition potentials of beryl¬ 
lium ions. Indeed, the displacements of this kathode potential due to 
the change of the concentration of beryllium salt correspond to the 
formula 

**-*■” oom lo * {&“£• 

On the other hand the average values for the first increase of the 
current do not lead to such a simple relation, thus indicating that the 
process taking place at more positive potentials does not involve the 
electrodeposition of beryllium ions. This becomes evident from Table II. 

Table II. 


The average values of the kathode potentials given in Table I. 


Concen¬ 
tration of 
beryllium 
salt 

Kathode potential I 
(average value) 

1t 1 

Kathode potential 11 
(average value) 

1 

ob¬ 

served 

T I1 

calcu¬ 

lated 

0-005 n 

- 1*644 -1: 0*004 | 

| 

[0*029 

— l*829 r i: 0*002 j 

0*010 

0*009 

0-01 n 

- 1*615 ± 0*003 | 
1 

0-201 

- 1*819 rb 0*007 

0*031 

0*029 

0*1 n 

— 1*414 ± 0 004 I 


— 1*788 4; 0*009 ' 




A consideration of this Table leaves no doubt that the increase of 
the current characterized by kathode potential I is due to the depo¬ 
sition of hydrions. 

We can now obtain by extrapolation the value of the “normal de¬ 
position potential” of beryllium, which should be observable with 
the sensitivity of 1*1 x 10— 6 amp./mw, if the deposition of hydrions 
would not interfere. The following figure results: 

= — 1*788 v.-f 0*029== — 1*759 v. 

In order to place this value in the series of 4 formal deposition po¬ 
tentials” found with the dropping mercury kathode (comp. W. Ke- 
mula 8 )), the figure has still to be corrected for a change of the sensiti¬ 
vity to 10— 8 amp ./mm. As this correction amounts to 2x0-029 v., the 
final theoretical figure for the “normal deposition potential” of beryl¬ 
lium in the series is n n * — 1*70 v. 
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Various observations: In the course of our work some interesting 
phenomena were observed. 



Fig. 2. 

To 10 ccs of 0*001 n HCl added a solution of 0*05 n Lid in 0*001 n HCL 

Concentration of Lid is: 

1.0, 2. 0*00049 n, 3. 0*0014 n, 4. 0*0033 n, 5. 0*0065 n, 6. 0*012 n, 7. 0*019 n. 

I. Slendyk 6 ) has found that the diffusion current of hydrogen depo¬ 
sition from dilute hydrochloric acid is strongly suppressed by the addi¬ 



ng. 3. 

The suppression of the diffusion current of 0*001 n HCl by additions of BeCl % . 

' Concentration of BeCl t : 

1. 0, 2. 0*00025 n, 3. 0*00050 n , 4. 0*00075 n, 5. 0*00125 n, 0. 0*00300 n. 

tions of neutral salts. An example of this is shown in polarogram Fig. 2. 
Curiously enough the beryllium salts when added in a greater amount 
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entirely suppress the wave of hydrogen deposition, although in this 
ease due to the hydrolysis of beryllium salts the opposite should be 
expected. (See Fig. 3.) The authors have not found as yet the explan¬ 
ation for this phenomenon. 

The authors have tried to work out an analytical method for the polaro- 
graphic estimation of beryllium in the presence of aluminium salts. 
The close proximity of the deposition potentials of beryllium and alu¬ 
minium (— 1-66 v. and — 1*70 volt for Al and Be resp.) left little 
hopes for the possibility of a qualitative separation from solutions 
containing both aluminium and beryllium ions. 



Solution containing: 

0*001 n Pb", 0*005 n Be", 0*01 n Li * with different sensitivities. 

This was indeed experimentally confirmed; the “waves” on curves, 
due to the deposition of the two metals, coalesced into one. It was 
therefore tried to bind one of the constituents of the solution into 
a complex by additions of different complex forming agents. The ex¬ 
periments with the additions of potassium hydroxide, potassium ace¬ 
tate, sodium salicylate, sodium tartrate did not lead to the resolution 
of the composite wave of beryllium and aluminium. With increasing 
alkalinity the wave entirely vanished. 

A slight separation could be effected by the addition of a saturated 
solution of potassium oxalate, because the solubility of beryllium oxa¬ 
late is considerably smaller than that of aluminium oxalate. However, 
the results were not satisfactory from the analytical point of view. 

In the course of these experiments it was observed that the solu¬ 
bility of freshly precipitated beryllium oxalate decreases with the time. 
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On the other hand it was ascertained that the electrodeposition of 
beryllium is not affected by the presence of the ions of nobler metals. 
An example of this is shown in the polarogram Fig. 4. 

Received May , 1933 , 

The I. Chemical Institute 
of the Jan Kazimierz University , 
Lw&w , Poland. 

The authors express their thanks to Professor St. Tolloczko, Di¬ 
rector of the I. Chemical Institute of the Jan Kazimierz University, 
Lw6w, for his interest and help in providing means for carrying out 
this research. 


Summary. 

1. The normal deposition potential of beryllium ions at the dropping 
mercury kathode is n n ~ — 1*70 volt against the normal calomel zero 
when measured with a galvanometer sensitivity of 1 x 10™ 8 amp ./mm. 

2. Owing to hydrolysis the current-voltage curves of beryllium salt 
solutions show a wave of hydrogen deposition before the deposition 
of beryllium ions. 

3. Owing to the similarity in the electro-chemical behaviour of be¬ 
ryllium and aluminium tbe polarographic wave due to both elements 
could not be resolved. 
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RESEARCHES ON THIAZOLES. XIX. THE SYNTHESIS 
OF 2-(m-NITROPHENYL)-BENZOTHIAZOLYL-p, p-DISULPHIDE. 

By MARSTON TAYLOR BOGERT and RICHARD B. CONKLIN. 


introductory. 

In the fusion of p-toluidine with sulphur, for the manufacture of 
thiazole dye intermediates, the principal products, as is well known, 
are dehydrothio-p-toluidine (I) and primulines (II): 

/‘ S \ 

(7) CH 3 C\H a ( )6W5 2 (P-) (I) 

Nat/ 


(7) 


/ s \ 

\ N S 


\(\h 3 ( 


\c(P- 


Jn so far as the primulines are concerned, the value of “r” in the 
above formula probably depends mainly upon the percentage of 
sulphur to p-toluidine, and upon the temperature and duration of the 
heating. As ordinarily carried out, this fusion results in mixtures of 
primulines. 

According to Green, 1 ) the main product of the reaction is the 
primuline, C n H n N % S^ which melts in the neighborhood of 220°, is 
soluble in nitrobenzene and easily sulphonated. Smaller quantities of 
higher primulines are formed simultaneously. Green 2 ) states that the 
C^H 1B N^S Z base melts around 340°, is insoluble in nitrobenzene and 
more difficult to sulphonate than the C 21 compound, and that the 
higher primulines have still higher melting points, are insoluble in all 
ordinary neutral organic solvents and not sulphonated even by strong 
fuming sulphuric acid. 

Based upon the observation that primuline bases are formed by fusing 
either p-toluidine, or dehydrothio-p-toluidine, with sulphur 8 ), 4 ), 6 ); and 
upon the investigation of the degradation products of the primulines 
conducted by Jacobson, 6 ) and by Pfitzinger and Gattermann, 7 ) 
the structure shown in Formula II was assigned tentatively to these 
bases and has been generally accepted ever since. So far as we are 
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aware, no one has ever succeeded in isolating any of these primulines 
analytically pure, and adequate synthetic proof of the correctness of 
this formula is still lacking. It was to supply such proof that this research 
was undertaken. Although it has not yet reached this goal, due to the 
unavoidable withdrawal of the junior author, it seems to us desirable 
to record what has so far been accomplished. 

The original plan was to prepare a 2-(m-chloro-p-nitrophenyl) - 
benzothiazole (III), from which to synthesize the thiazole (V) by the 
customary reactions: 


.S 


C„H t /^yCC 9 H } 


,Cl (m-) 


\wo. 


c P-) 


(in) 


/S K 

C t H 4 < 

\ If/ 


N0 2 (m-) 
Cl (p-) 


ccjh/' (IV) 


. s , 




y)CC t H t NH t (p-) 

N'S 


/N 

/S yCC\H t NH, ( P -) 


(V) 

(VI) 


Such a product would correspond to the simplest of the above 
primuline bases, C' 21 // 16 A r a /S’ 2 , without its methyl group. This synthesis 
involved the preparation first of the m-chloro-p-nitrobenzoyl chloride, 
with which to make the thiazole (III). The method described in the 
literature for the preparation of this chloronitrobenzoyl chloride 
required the following steps, with m-chloraniline as initial material: 


C 


/ 

\z 


NH, (1) 


"Cl (3) 

/NH 9 

o 2 nl\h 3 ^ 


/ 

\Cl 


NHOAc 


- (4) 0,NC 3 H 3 


/ 


NHOAc (1) 


CN 


/ 


/ 


COOH 

'Cl 


N Cl 

O t NC t H/ 


(3) 

COCl 

a ^ci 


From 100 g of m-chloraniline, the yield of final product was only 
11-5 g and many weeks were consumed in the work. 

Since the m-nitro-p-chlorobenzoyl chloride is easily obtained in 
good yield from p-chlorobenzoic acid, this was used in place of its 
isomer, for the preparation of the thiazole (IV), as the intermediate 
for (VI). The latter (VI) differs structurally from the primuline 
base in the absence of its methyl group and in the relative positions 
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of the nitrogen and sulphur in the second thiazole nucleus. The absence 
of the methyl group would not be likely to alter the tinctorial pro¬ 
perties of the product materially and it would be a matter of great 
interest to find out what effect, if any, the relative positions of the 
nitrogen and sulphur in the second thiazole cycle had. Such a compound 
could be properly regarded as a primuline type and should give analo¬ 
gous products on alkaline cleavage. Further, the experience gained in its 
synthesis and study should be of value in the synthesis of the true 
primuline type (V). 

The successive steps in this preparation were to be the following: 

/ /S- \ / NO i (m-) ,S X ,N0 2 

\C,H,( \Zn + ClCOC\H/ -C,H X ( >,CC\h/ ~. 

I 'NHj« x C7 (p-) ' N" XV 

(TV) 

( ,S\ /N0 2 \ ,NH 2 

\C\H 4 ( C\H / >CC',// 3 ( (or its Zn salt) 

V \Y' \ff- )„ " A T \S77 

(VII) 


+ OlCOCJftNO 2 (p) . C e H' :;CC,H,( yC(\H x MK (/>), 

\ S / 


and reduction of this latter to (VI). 

This synthesis has progressed as far as the disulphide (VII), where 
it has been discontinued for reasons already stated, and from which 
point it is hoped to advance in the near future. 


Experimental. 

Di-o-nitrophenyl disulphide was prepared by the method of Bogert 
and Stull. 8 ) The yield and m. p. were as recorded by them. 

o-Amino-thiopenol ziur, salt . The method of Bogert and Snell 9 ) was 
used with an unpublished modification by Bogert and Hess as 
follows: 

Twenty g of the above disulphide were dissolved by boiling in 750 cc 
of glacial acetic acid containing 20 g of fused sodium acetate. Excess 
of zinc dust was added in small portions and the heating was continued 
until the solution became colorless. It was filtered hot, and the filtrate 
into two volumes of water. The white zinc salt was washed and dried. 
Yield, 17-7 g or 87%. 

m-Nitro-p-chlorbenzoic acid . — Enough nitric acid (Sp. Gr., 1*6) was 
added to 31-3 gr of p-chlorobenzoic acid to cover it completely. The 
mixture was warmed gently on the steam bath until solution occurred, 
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and the solution was then poured upon small pieces of ice. It was 
diluted, filtered, washed and dried. Yield 39*2 g or 97%. After one 
crystallization from water, the yield was 91%; m. p. 182° C (corr.). 
Montagne 10 ) records a m. p. of 181*5°C. H iibner reported first a m. p. 
of 178—80° C, 11 ) and later 12 ) one of 179—80° C. 

The above method is similar to that used by Htibner, Ohly and 
Philipp 13 ) for the nitration of the corresponding bromobenzoic acid, 
except that these investigators fail to give the strength of acid used, 
yield, and other details. 

m-Nitro-p-chlorobenzoyl chloride. — An intimate mixture of 50 g of 
ra-nitro-p-chlorobenzoic acid and 52-7 g of phosphorus pentachloride 
was heated on an oil bath at 140—50° C for one and one-quarter to one 
and one-half hours. By the end of this time gaseous hydrogen chloride 
had ceased to be evolved. The product was transferred to a Olaisen 
flask, the phosphorus oxychloride distilled off, and the temperature then 
raised. The acid chloride distilled at 199—200° C (corr.) at 60 mm; 
yield 50*7 g , or 93%; m. p. 51*2° C (corr.). Montagne 10 ) records a b. p. 
of 170*0—170*5° C at 22 mm, and a m. p. of 51° C. 

2-(m-Nilro-p-chlorophenyl)-benzothiazole (IV). — Twenty-two g of 
m-nitro-p-chlorobenzoyl chloride and 15-7 gr of zinc o-aminothiopheno- 
late, each well ground separately, were mixed thoroughly in a small 
beaker, which was then warmed on the steam bath. The mixture 
reacted quickly to form, a thick brown viscous mass. After heating 
for an hour, the cold fusion mixture was ground and extracted with 
dilute sodium hydroxide solution. The insoluble residue was washed 
with water, then repeatedly with small volumes of alcohol and ether. 
It was crystallized with noriting from glacial acetic acid and from 
alcohol, and then formed pale yellow, fluffy needles, m. p. 165*5— 
166*5° C. (corr.); yield, 21*2 g , or 73%. The compound was slightly 
soluble in cold ether and readily soluble in cold ethyl acetate, chloro¬ 
form or benzene. From hot ligroin, it crystallized in clusters of fine 
needles. 

Anal. Calcd. for C n H 1 0 2 N i SCl: () 9 53 68; H , 2-43; N f 9*64. Found: 
<7, 53*73; //, 2*51; N, 9*62. 

2-(m-Nitrophenyl)-benzothiazolyl-p, p'-disulphide (VII). — To a so¬ 
lution of 10*80 g of crystalline technical sodium sulphide in 300 cc 
of alcohol, 1*44 g of finely powdered sulphur was added, and the so¬ 
lution was refluxed until all of the sulphur had dissolved. In a separate 
flask, 17*43 g of 2-(m-nitro-p-chlorophenyl)-benzothiazol was dissolved 
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by refluxing with 3 liters of alcohol. The disulphide solution was added 
slowly through the condenser to the boiling thiazole solution, and 
boiling was continued for two and one-half hours. The mixture was 
filtered hot, and the precipitate was washed with water, alcohol and 
ether; yield 11*0 gf of a finely powdered yellow solid which melted 
with decomposition at approximately 259—262° C (corr.). The filtrate 
from the first crop of crystals deposited, on cooling, a second crop of 
1*3 g, making a total yield of 12-3 g , or 71%, of the crude product. 
Decolorized and crystallized from xylene, it formed minute canary- 
yellow crystals which, under a magnification of 430 diameters, appeared 
as square-based pyramids. Placed in the bath at 280° 0, and heated 
3°/min., it darkened at about 285° (■ and melted with decomposition 
to a black tar at about 292—293° C (corr.). It was very insoluble in 
acetone, acetic acid, chloroform, ethyl acetate or cellosolvc. 
v Anal. Oalcd. for C 2B H u 0 4 N,S A : C , 54*33; H 2*46; N , 9-75. Found: (\ 
54-43; H, 2-80; N, 9-66. 

Su m m ary. 

From zinc o-aminothiophenolate and m-nitro-p-chlorobenzoyl chlo¬ 
ride the 2-(m-nitro-p-chlorophenyl)-benzothiazole has been prepared, 
and from this the 2-(m-nitrophenyl)-benzothiazolyl-p, p'-disulphide. It 
is hoped that this latter may serve as an intermediate for the synthesis 
of a pseudo-primuline, no such compounds having yet been synthe¬ 
sized. 

Laboratories of Organic Chemistry 
Columbia University , New York , N . Y. 
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NOTICES PHYTOCHIMIQUES II. 

SUR LES GLUCIDES I)E QUELQUES DUVETS VEGETAUX 

par K. VOTOCKK .•< .1. ZVONlfiEK. 

Abstraction faite du coton qui, constituant une fibre textile dc la 
plus grande importance, a cte 1'objct de tres notnbreuses recherches, 
les autres duvets vegetaux ne paraissent. pas avoir cte studies au point 
de vue chimique. Ces duvets ont-ils pour principe glucidique une 
cellulose vraie, c'est-a-dirc a base de glucose, ou sont-ils seulement 
composes d'hemieelluloses peu resistantes aux agents chimiques et 
biochimiques ? On ne sait rien encore la-dessus. Dans la presente com¬ 
munication nous tachons de combler cette lacune en rendant eompte de 
quelques duvets ou poils vegetaux quo nous avons eu l’occasion de re¬ 
colter au cours des annees. 

Nos recherches ont trait aux duvets des vegetaux suivants: Linai- 
grette (eriophorum angustifolium). chardon (carduus acanthoides), 
pissenlit (taraxacum officinale), plante a ouate (asclepias syriaca), 
peuplier (populus nigra). 

Pour etablir la comj)osition de ces fibres naturelles, voici comment 
nous procedions: La fibre debarrassee par triage a la pincette de toute 
impurete mecanique a tout d’abord etc degraissee par une extraction 
k l’6ther. Puis elle a ete cuite a plusieurs reprises avec de i'eau pour en 
extraire les principes solubles, notamment les glucides simples (glu¬ 
coses). Le residu a 6te soumis ensuite a l’hydrolyse menagee consistant 
en un chauffage plusieurs fois repete avec de l'acide sulfurique k 3% 
et durant chaque fois 8 heures. Oe traitement avait pour but de lib<5rer 
et mettre en solution les constituants sucres des glucides insolubles 
dans I’eau mais peu resistants aux acides dilues. Pour etre bref, nous 
les d&iignerons dans la suite comme „hemicellulose“. Le nouveau re¬ 
sidu, e’est-a-dire la fibre refractaire 4 Taction de l’acide sulfurique 
dilu£ et constituant la cellulose vraie du duvet, a 4t6 soumise 4 l’hydro- 
lyse 6nergique telle qu’elle sert g^neralement k la saccharification com¬ 
plete des celluloses (dissolution dans l’acide sulfurique k 80%, dilution 
et ebullition). L’un et l’autre hydrolysate (celui de Themicellulose et 
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celui de la cellulose vraie) ont ete etudtes par les m 6th odes courantes 
dans la recherche des sucres simples ou glucoses. 

Voil& pour le mode op6ratoire que nous employions dans l’analyse 
immediate de nos duvets. 

Linaigrette (eriophorum angustifolium). 

Poids de la fibre naturello: 50 gr. 

Reaction microcMmique de la fibre naturelle. — lode + : tres 

belle coloration bleue. 

Extrait aqueux . — Apres concentration a consistance sirupeuse il 
a ete purifie par Talcool pour eliminer autant que possible le pen de 
polyoses precipitables. Le rendement correspondait a 2 gr environ de 
matiere seche reductrice. Cette derniere etait fortement dextrogyre: 
[«]/> “-v 4- (57*3° et renfermait d’apres un dosage par distillation avec 
HCl 30*8% de pentose, done 69*2% d'hexose. Le pentose s’est revele 
etre du xylose, car il s’est laisse transformer en xylonobromure de 
cadmium (preuve d'oxydation de Bertrand). L’hexose est constitue 
par le galactose (formation d’une methylphenylhydrazone mono- 
hydratete, fusible a 184°, et d'acide mucique p. de f. 218 - 219° par 
oxydation nitrique). Si le pentose trouve par distillation avec HCl est 
calcule commo xylose, on trouve 28% de ce sucre et 72% de galactose 
(par difference). 

H&nicellulose. -- l^e rcsidu apres l extraction a 1‘eau, hydrolyse par 
de l’acide sulfurique a 3%, a fourni par la voie habituelle un sirop 
sucr6 qu’on a purifid par des precipitations a Talcool. 

La matiere seche reductrice avait un pouvoir rotatoire |« | jj= + 24*2°. 
Le sirop ne donnait pas les reactions colorees des cetohexoses. 11 ne 
renfermait pas non plus de mannose (essai negatif avec la phenyl - 
hydrazine), par contre une proportion considerable de pentose, soit 
91*3 p. pour 100 p. de matiere seche reductrice. L’oxydation nitrique 
a revile la presence de galactose (l’acide mucique obtenu fondait entre 
218 et 219°), de meme Tobtention, quoique avec un rendement faible, 
d’une methylphenylhydrazone qui, recristallisee dans Feau, montrait 
le point de fusion 184° de l’hydrazone monohydrat6e. 

Des eaux meres apres la precipitation du galactose, le sucre a etc 
mis en liberte au moyen d’ald6hyde benzoique. Le pouvoir rotatoire 
de sa matter© seche reductrice a ete trouve [a]u = 20*4°. Cette valeur, 
peu differente de celle du xylose, correspond a Feiimination du galac¬ 
tose, sucre k pouvoir rotatoire tres eieve. Toutefois, une partie du 
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galactose, bien qu’assez faible, a du rester dans le melange sucr£, car 
nous avons obtenu par traitement avec un exces d’acetate de p-bromo- 
phonylhydrazine une osazone fondant constamment de 187 k 189°, 
ce qui est le point de fusion de la galactose-p-bromoph&iylosazone. 
La teneur en brome et en azote s’accordait egalement avec celle d’une 
bromoph&iylosazone d’hexose: 

Trouve Br 30*77%, N 10*88%. 

Calcule Br 31*03%, N 10*83%. 

L’oxydation par Teau de brome a donne de l’acidc xylonique 
(identify a Tetat de xylonobromure de cadmium), ee qui perrnet de 
considerer le pentose du melange sucre eomme du xylose dont la 
teneur dans la matiere seche reductrice s’abaisse alors de 91*3% k 83%. 
Le rest© est du galactose. 

L’hemicellulose du duvet de linaigrette se compose done de polyoses 
a base de xylose et de galactoses 

Ajoutons qu’un dosage fait par la methodo de distillation avoc HCl 
a r$velc dans la fibre primitive (naturelle) 30^ % de pentosane. 

('ellulose . — Le residu apres Tccartement de Themicelluiose a ete 
saccharifie ])ar dissolution dans Tackle sulfurique a 80%, dilution 
ulterieure & 3% de // 2 <SY) 4 et ebullition prolongee a 8 heures. Le sirop 
sucre obtenu par le procede habituel s’est pris en cristaux au bout de 
quelques jours. Purifies par clairgage a Talcool a 96%, ces cristaux 
presentaient un pouvoir rotatoire [«] D - +46*8° et donnaient une 
ph6nylosazone jaune citron, peu soluble dans T acetone et fondant k 205°. 
Tout cela montre qu’on est en presence du d-glucose monohydrate. 

La partie cellulosique resistant© du duvet de linaigrette est done 
&base de glucose, c’est-4-dire elle est fojinee par une cellulose vraie. 

0 h a r d o n (carduus acanthoid.es). 

Reaction microchimique de la fibre naturelle. — lode +H 2 S0 4 : colo¬ 
ration verte. 

Extrait aqueux. — 200 gr de duvet pur ont 4t6 extraits k Teau 
bouillante. Prive de la petite quantite de polyoses pr^cipitables par 
Talcool, le melange sucr6 6tait fortement levogyre: son pouvoir rota- 
toire (calcule pour la mati&re seche reductrice) 6tait respectivement 
fa]/> = —63*7° et —57*7° suivant qu'on s’est servi des tables du 
glucose ou du fructose. La forte rotation gauche laissait soup 9 onner la 
presence du fructose. JBn effet, le sirop donnait nettement les reactions 
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color^es des cetohexoses (reactions a la r6sorcine, a la diphenylamine, 
au carbazol). En outre, la reaction coloree k la phloroglucine mettait 
en Evidence la presence de pentoses. 

Le dosage par distillation avec HCl a revels dans la matiere seche 
reductrice 34 1 / 2 % de pentose. Le traitement du sirop par un exces 
d’acetate de phenylhydrazine a donne un melange de phenylosazones 
dont nous avons pu isoler, d’une part, une osazone jaune citron, peu 
soluble dans l’acetone et fondant a 205°, d’autre part, une osazone 
tres soluble dans l’acetone et fusible (apres damage au benzene et 
recristallisation dans l’alcool a 60°) entre 155 et 157°. La premiere 
osazone ne pouvait appartenir qu’au fructose, et cela pour les raisons 
suivantes: J. le melange sucre etait fortement levogyre (voir plus 
haut), 2. traits par la methylphonylhydrazine d’apres la technique 
de Neuberg il engendrait l’osazone jaune orange fusible a 153°, 
caracteristique du fructose. Quant k l’autre phenylosazone (p. de f, 
155—157°), elle doit etre celle du xylose, car Foxydation au brome 
du melange sucre nous a conduit sans peine au xylonobromure de 
cadmium. 

Le fructose est certainement le seul eetose du melange, car apres 
Felimination des aldoses par Foxydation au brome le sucre residuel 
deviait [a]/> — — 804° (calcule pour la matiere seche reductrice), 
ce qui est une valeur suffisamment rapprochee du pouvoir rotatoire 
du fructose. 

Le dosage du sucre reducteur avant Foxydation au brome et apres 
elle montre que le melange sucre renferme environ 30*8% daldose 
(xylose) et 09* 2% de eetose (fructose). Oe chiffre concorde bien avec 
le dosage direct du pentose par la methode de distillation avec HCl 
qui. si l’on calcule d’apres les tables pour le xylose, donne 31-2% 
de xylose. 

Par ce qui vient d’etre dit on voit que les glucides solubles dansl’eau 
du duvet de chardon sont essentiellement constitues par le fructose 
et le xylose. 

Hdmicellulose. — Par un traitement analogue k celui signale a 
propos de la linaigrette la fibre residuelle a donne un melange dextro- 
gyre de sucres simples. Sa matiere s&che reductrice avait [a]/> — 
+ 24*8°. Le dosage par distillation avec HCl a montre qu’elle est consti- 
tu^e principalement par du pentose (94-2%), le reste appartient 
k Fhexose (ou aux hexoses). 

L’essai k la phenylhydrazine a prouve l’absence de mannose et de 
glucose. En effet, Fosazone obtenue fondait (apres recristallisation 
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dans Falcool k 60%) constamment k 160° et 6tait aisement soluble dans 
F acetone, laits qui parlent en faveur d’une pentosazone. 

L’oxydation nitrique a rendu probable la presence du galactose 
(obtention decide mucique fusible entre 218 et 219°). La preuve 
definitive a fournie par la preparation de la m6thylph6nylhydra- 
zone correspondante au sucre et qui, apres reoristallisation dans Feau, 
fondait constamment k 184° (point de fusion de la galactose-methyl- 
phenylhydrazone monohydratee). 

Des eaux meres de cette hydrazone le sucre residuel a ete reg&iere 
au moyen de benzaldehyde. Son oxydation a Feau de brome avec 
traitement ulterieur habituel a fourni du xylonobromure de cadmium. 

L’h^micellulose du duvet de ehardon est done constitute par des 
polyglucosides a base de galactose et de xylose. 

Cellulose. — 10 gr de fibre privee de Fhtmicellulose ont etc sacchari¬ 
fies par 1’acide sulfurique a 80%, etc. Le traitement habituel du 
produit d’hydrolyse a fini par donrier un sucre cristallisc, deviant 
[a] D ssz + 47*05°, c’est-&-dire le glucose monohydrate. Ajoutons que 
sa phenylosazone, jaune citron et peu soluble dans F acetone, fondait 
k 205°. 

Cela montre que e’est le sucre de raisin qui constitue le composant 
le plus simple de la partie rtsistante du duvet de ehardon, ce qui la 
earaettrise comme une cellulose vraie. 

La fibre brute (naturelle) du duvet renfermait 25*8% de pentosane 
(xylane). 

Pissenlit (taraxacum officinale). 

Reactions microchimiques de la fibre naturelle. — lode + U 2 SO 4 : 
belle coloration verte. Phloroglucine + IiCl : coloration rose. Sulfate 
d’aniline : coloration jaune. 

Extrait aqueux. — 15 gr de duvet ont ete degraisses, puis traites 
a Feau bouillante. L’extrait, purifie par precipitation alcoolique, 
rtduisait la liqueur cupropotassique et donnait avec la phloroglucine 
la reaction colorte des pentoses. 

j Hdmtcellulose. — L’hydrolysat obtenu par traitement au moyen 
d’acide sulfurique a 3% ttait dextrogyre : [a]u = + 26*2° (calcult 
pour la matiere seche.rtductrice). Cette derniere renfermait 96*5% 
de pentose d’apres un dosage par la methode de distillation avec HCl. 
Ce fait et la faible valeur du pouvoir rotatoire firent penser au xylose 
k cott d’une tr&s faible proportion d’un hexose. Le xylose a pu, en effet, 
etre reconnu par transformation en xylonobromure de cadmium, par 
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centre Tidentification de Thexose n’a pu etre effectuee d’une fa<?on 
sure par ce que le peu de substance dont nous disposions, n’y suffisait 
point. Signalons toujours que la methylphenylhydrazone du sucre en 
question fondait entre 190 et 191° avec decomposition. 

De Teau mere apres la separation de cette hydrazone le sucre a etc 
mis en liberte par le procede a T aldehyde benzoique. II deviait cette 
fois-ci [«]/> = +19*7° et donnait une ph&iylosazone soluble dans Teau 
bouillante et fondant constamment k 160°. L’une et I’autre observa¬ 
tions parlent en faveur du xylose. 

L’hemicellulose du duvet de pissenlit se compose done d’un polyose 
a base de xylose avec une tres faible proportion d’hexose indetermine. 

Cellulose. — La saccharification habituelle par Tackle sulfurique 
a 80% de 0 gr de fibre residuelle resistante a fini par donner un sucre 
cristallise toumant fo]/> ~ + 52* 1°. Sa phenylosazone etait jaune citron, 
se dissolvait aisement dans Tacetone et fondait entre 204 et 205°. 

11 en ressort que la partie resistante du duvet de pissenlit represente 
une cellulose vraie a base de glucose. 

La fibre naturelle renfermait 28-8% de pentosane. 

Plante k ouate (asclepias syriaea). 

Reactions microchimiques de la fibre naturelle. — lode + H t SO A : 
coloration verte. Phloroglucine + HCl: coloration rose. Sulfate d’ani- 
line : coloration jaune. 

Extrait aqueux. — II a ete obtenu, apres degraissage, par traitement 
a Teau bouillante de 100 gr de fibre, et renfermait 1*65 gr de sucre 
reducteur levogyre. Son pouvoir rotatoire etait [a]/> ——48*7°. II 
donnait les reactions color6es des c^tohexoses (fesorcine, diphenyl- 
amine, carbazol) et des pentoses (phloroglucine). 

Le dosage par distillation avec HCl indiquait dans 100 parties de 
matiere seehe reductrice 52-3% de pentose, le reste appartenait a 
Thexose. L’action d’un exces d’ac^tate de ph^nylhydrazine a fourni 
un melange compost d’une osazone jaune citron, peu soluble dans 
Tacetone, fusible a 205°, et d’une deuxieme osazone aisement soluble 
dans ce solvant et fondant constamment a 160°. 

L’oxydation du sirop sucre par Teau de brome, avec transformation 
ult6rieure en xylonobromure de cadmium, a montre que cette derniere 
osazone appartient au xylose. La forte rotation gauche du melange 
sucr6 et les reactions colorees conduisent a la conclusion que la pre¬ 
miere osazone appartient au fructose. 
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Si 1© dosage de pentose signal© plus haut est calculi pour le xylose, 
on en trouve 47*5%. Pour 1’hexose il vient (par difference) 52*5%. 

Himicdlulose. — L’hydrolyse par H 2 S0 4t k 3% de la fibre priv6e 
de matieres solubles dans l’eau a donne un melange sucre faiblement 
dextrogyre, dont la mature s£che reductrice etait [a]# = + 16*8%. 
Le sirop ne donnait pas les reactions colorees des cetohexoses, par 
contre ceUes des pentoses. Le dosage par distillation avec HCl a 
reveie la seule presence d’un pentose. Ce dernier a ete reconnu comme 
etant du xylose (phenylosazone bien soluble dans l’alcool et l’ac^tone 
et fondant & 160°, formation de xylonobromure de cadmium). Si le 
dosage de pentose est ramene au xylose en adoptant pour le calcul 
de la mature s^che reductrice la table de Stone ( Ber . 1890), on 
obtient la valeur 98*8%, ce qui montre que pratiquement la totalite 
du pentose present est constitute par le xylose. 

L existence du xylose dans l’hydrolysat de l’hemicellulose du duvet 
d’asclepias a d’ailleurs re§u une autre confirmation, decisive celle-ci: 
Au bout de quelques semaines, le sirop s’est pris en une bouillie 
cristalline epaisse, dont nous avons pu extraire le sucre pur cristallise. 
Son pouvoir rotatoire etait celui du xylose: [«]/> = + 16*7°. De meme 
la p-bromophtnylhydrazone du sucre possedait tous les caraeteres 
du derive xylosique (point de fusion 205—207°, etc.). 

L’htmicellulose du duvet d’asclepias est done & base de xylose, 
e’est un xylane. 

Cellulose. — L’hydrolyse energique (par H 2 SO A a 80%) de la fibre 
debarrassee des matieres hemicellulosiques a laisse un sirop de mono- 
ses qui ne tarda pas k se prendre en cristaux. Ces derniers, purifies 
par clair§age k l’alcool k 96%, tournaient en solution aqueuse [a]/> = 
+ 46*6°, ce qui denote leur identite a fee le monohydrate de glucose. 
La phenylosazone obtenue k partir du sucre cristallise formait des 
aiguilles jaune citron, peu solubles dans l’acetone, fusibles k 204°, 
ce qui est egalement d’accord avec le sucre de raisin. 

La partie cellulosique du duvet d’asclepias est done a base de 
glucose, ce qui la fait ranger parmi les celluloses vraies. 

La fibre primitive du duvet renfermait 31% de pentosane. 

Peuplier (populus nigra). 

Reactions microchimiques de la fibre naturelle. — lode + H 2 SO i : 
coloration bleu vert. Phloroglucine + HCl : coloration rose. Sulfate 
d’aniline : coloration jaune. 
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Extrait aqueux. — 100 gr de duvet degraisse ont ced6 a l’eau bouii- 
lante une petite quantity d’un melange sucr6 faiblement dextrogyre: 
[o]d = + 13*6° (calculi pour la matiere seche reductriee). Le sirop 
donnait bien les reactions colorees des pentoses, mais point celles des 
c^tohexoses. Un dosage par distillation avec HCl a revile dans 100 
parties de matiere s&che reductriee 11*1% de pentose; le reste appar- 
tient k Fhexose. 

La valeur peu considerable du pouvoir rotatoire ainsi que le faible 
pourcentage de pentose laissaient soup$onner la presence du mannose. 
L’exp^rience a confirme cette supposition, car le sirop a s^pare avec 
la plus grande facilite une phenylhydrazone peu soluble dans l’eau, 
fondant k 191° et qui s’est laisse transformer, par un exees d’acetate 
de ph&iylhydrazine, en une phenylosazone jaune citron, peu soluble 
dans 1 ’acetone et fondant entre 204 et 205°. 

Le pentose present s’est montre etre du xylose, il donnait en effet 
du xylonobromure de cadmium par Foxydation au brome. 

L’ex trait aqueux du duvet de peuplier renferme done prineipalement 
du mannose, puis du xylose. 

Hemicellulose, - L’hydrolyse a l’acide sulfurique a 3% de la fibre 
privee des matieres solubles dans Feau a fourni un sirop sucre dont 
le pouvoir rotatoire, calcule pour la matiere seche reductriee, etait 
M* - -f 17*9°. Cette valeur laissait pr£voir l’existence dans le me¬ 
lange sucre de glucoses peu deviants (mannose, xylose). La distillation 
avec HCl a montre que x>our 100 parties do matiere seche reductriee 
il y a 92*6% de pentose. Le reste correspond k Fhexose. 

L'essai & la r6sorcine a prouve l’absence des cetohexoses, celui k 
Facetate de phenylhydrazine a donne la phenylhydrazone caracteris- 
tique du mannose (faible solubilite dans Feau, point de fusion de 191°). 
L’eau m6re apres cette f hydrazone a et 6 traitee par un exces d’acetate de 
phenylhydrazine, ce qui a conduit & une phenylosazone bien soluble 
dans Faicool, fusible entre 159 et 160°. Pour decider entre le xylose 
et Farabinose, nous avons opere Foxydation du sucre k Feau de brome. 
Elle nous a donne du xylonobromure de cadmium. Ce r^sultat, ainsi 
que la faible valeur du pouvoir rotatoire, mettent en evidence la 
presence du xylose. En recalculant le dosage de pentose signale plus 
haut on obtient 85% de xylose, done 15% pour le mannose (par 
difference). 

Le principal composant sucre de Fhemicellulose du duvet de peuplier 
est done le xylose; le constituant aocessoire est le mannose. 


32 
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Cellulose. — Le sucre cristallis6 obtenu par saccharification 6ner- 
gique de la fibre priv^e d’h^micellulose est form4 par le d-gluoose. 
En effet, son pouvoir rotatoire a 6t6 trouv4 [a]i> = + 47*6® (rotation 
du monohydrate de glucose). La ph6nylosazone obtenue avec le sucre 
pur 6tait jaune citron, se dissolvait peu dans l’ac£tone et fondait 
k 206®. 

Oe qui montre que la cellulose du duvet de peuplier est elle aussi 
k base de d-gluoose. 

La fibre primitive contenait 28-8% de pentosane. 

Laboratoire de Chimie organique 
h l’Ecole Polytechnique de Prague 
( Tchdcoelovaquie). 
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LE SYST&ME CYANURE MERCURIQUE-RHODANURE CHROMI- 
QUE COMME INDICATEUR DE TROUBLE 

par R. UZEL. 


En solution aqueuse neutre le cyanure mercurique est tr&s peu dis- 
socie. La r6activite de ses oonstituants augment© en milieux acide ou 
alcalin. En milieu acide Fion mercurique du cyanure entre ais^ment 
dans des complexes (avec les halogenures, le thiosulfate) ou determine 
des pr6cipit6s insolubles (sulfure) avec mise en liberty d’acide cyan- 
hydrique; en milieu alcalin, le cyanure mercurique re 9 oit Fion oxhy- 
dryle et detache l’ion cyanogfene. 1 ) Ce fait a 6te utilise par Feigl et 
Tamchyna 2 ) pour ^laborer un indicateur de trouble inorganique, 
en consideration de ce qu’une solution de cyanure mercurique et 
d’azotate d’argent se trouble par le cyanure d’argent si le p u est 
superieur a 4*2. Cet indicateur est sensible vis-a-vis des ions OH'. 
Dans la pratique, on peut s’en servir dans le titrage alcalimetrique de 
F argent. Par contre, il est inutilisable en presence de corps precipitant 
Fion Ag ou quand le p H passe du cote acide, car la reaction in¬ 
verse ne s’accomplit quc lentement et d’une maniere incomplete. 

Dans le present travail nous mettons a profit le fait de l’accroisse- 
ment de la reactivite de Fion mercurique en milieu acide. 

Comme reactif sensible de Fion Hg“ nous employons Fion chromi- 
rhodanique Cr(CN8)s ,f . 

Roesler, 8 ) qui le premier prepara les sels chromirhodaniques, si¬ 
gnal© que les chromirhodanures alcalins provoquent dans les solutions; 
de chlorure mercurique un precipite volumineux rouge, difficilement' 
soluble dans Facide azotique. II est evident que le chromirhodanure 
mercurique forme par cette reaction est tres peu soluble, moins soluble 
que les sels mercuriques des anions analogues (ferricyanure, cobalti- 
cyanure, nitroprussiate) qui, eux, precipitant bien les solutions des 
sels mercuriques fortement dissocies, mais pas du tout le chlorure 
mercurique. 


sa 
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Une serie d’essais laits par moi a montre que 1© chromirhodanur© 
precipite les solutions diluees de chlorure mercurique m&ne en pre¬ 
sence d’un grand exces de chlorures, les solutions de bromure et de 
rhodanure mercuriques, comme aussi les solutions faiblement adduces 
de cyanure mercurique. Seulement avec les solutions de Hgl 4 " et de 
Hg{S 2 O z ) 2 ' il n’y a pas de precipitation. 

Sensibility de la reaction: 100 cc d’une solution de HgCl 2 de nor¬ 
mality 10”” 4 et acidulee par 10 gouttes de HNO z 2 n donne avec 5 gouttes 
de K n Cr(CN8)t 0*5 n immediatement un trouble de valeur absolue 
de 0*00358 (au photometre Pulfrich). 

Faisonsremarquer que les essais faitspour determiner lemercuren6phy- 
lomytriquement a l’etat de chromirhodanur© n’ont pas donne de resul- 
tats utilisablcs. Avec les solutions au-dcssous de n 10~ 4 Fintensitc du 
trouble accusait des irregularitys dues aux traces de rhodanure mis 
en liberty par les solutions du reactif. Le trouble forme dans les solu¬ 
tions de concentration un peu ©levee (des n 10~~ 3 de Hg") subissait 
rapidement la floculation. 

Par contra, j’ai obtenu de bons resultats avec un melange de cyanure 
mercurique et de rhodanure chromipotassique. C’est en effet un indi- 
cateur sensible vis-a-vis des ions H\ pour 4-0, qui a fait ses 
preuves dans une serie de titragcs alcalimetriques et acidimetriques. 

La ryaction qui s’y accomplit peut etre formuiye comme suit: 

3 Hg(CN) 2 + 2Cr(CN8)t'" + 6 H' z: Hg 3 [Cr(CNS) 6 ] 2 + 6 HCN. 

La reaction etant ryversible le melange de cyanure mercurique et de 
rhodanure alcalino-chromique se laisse egalement appliquer aux ti- 
trages alcalimytriques, oil la fin est indiq uee par F apparition d’un trouble 
(de chromirhodanure mercurique), et aux titrages acidimytriques oil 
elle se manifesto par sa disparition. 

Parti© experimental©. 

Preparation de Vindicateur. — Le rhodanure chromipotassique a ety 
prypary, en suivant les indications de Mahr, 4 ) a partir du chlorure 
chromique et du rhodanure de potassium; il a yty recristallisy deux 
fois dans l’alcool ethylique. Pour que l’indicateur soit sensible, il im¬ 
port© qu’il renferme le moins possible de rhodanure (il ne doit done 
donner qu’une tr£s faible ryaction avec le FeCl z ). Il faut le conserver 
k Fytat sec, car dans ses solutions, tant aqueuses qu’alcooliques, 
il se decompose au bout d’un certain temps. 
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Le cyanure mercurique employ^ etait un produit Merck. 

Indicateur: 6 gr de Hg(CN) 2 et 1 gr de NH^NO z dissous dans l’eau 
et ramenes k 100 gr , constituent la liqueur de reserve*. Avant le titrage, 
on dissout dans 10 cc 0*02 gr environ de K^0r(CN8) B et de cette 
solution on prend 1 cc pour 25 cc de liquide de titrage. 

La solution violette reste sans alteration 3 jours environ, apres quoi 
elle se decompose lentement ce qui a pour suite d’abaisser sa sensi- 
bilite vis-&-vis des ions H\ 

L’addition d’azotate d’ammonium a pour but d empecher dans les 
titrages acidim^triques raccroissement trop brusque de l’alcalinite qui 
pourrait determiner la decomposition d’une partio du rhodanure chro- 
mique. 

Sensibility de Vindicateur. — La concentration en H * a laquelle 
apparait le trouble, a ete determinee au moyen des regulateurs 
prepares suivant les indications de Clark et Lubs 5 ) et auxquels 
a ajoutee une faible quantite d’indicateur. Le trouble commence 
a apparaitre pour une solution a pu = 4-0, pour des p n inferieurs 
il est de y>lus en plus intense. 

50 cc d’eau auxquels on a ajoute 2 cc d’indieateur, se troublent en 
quelques secondes par 1 goutte de FI Cl 0*1 n, instantanement par 
1 goutte de HCl 0*5 n. Le trouble disparait lorsqu'on ajoute la quantite 
equivalente d’aleali. 

Influence de la dilution dans le titrage par l’acide 0*5 n : 5 cc de 
NaOH 0*5 n ont etc titres par HCl de meme force. La consummation 
en presence de jaune dimethyle (5 gouttes d’une solution a 0*1%), 
pour un volume initial de 25 cc, etait de 5-03 cc de HCl 0-5 n. 

Titrage avec emploi de 2 cc d’indicateur de trouble: Le volume 
de NaOH 0*5 n mis en oeuvre etait constamment de 5 cc: 


Volume du liquide 

Consoirnnation 

au d6but du titrage 

de HCl 0*5 n 

5 cc 

5*03 cc 

25 ,, 

5*03 „ 

50 „ 

5*05 ,, 

100 „ 

5*08 „ 

250 „ 

5*18 „ 


Dans les memes conditions on a opere un titrage de NaOH 0*1 n 
par HCl decinormal. Pour un volume de 25 cc la consummation etait 
de 5*05 cc de HCl 0*1 n (indicateur jaune dimethyle). Le titrage en pre¬ 
sence de mon indicateur de precipitation a donne les chiffres que voici: 
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Volume du liquide 

Consommation 

au d6but du titrage 

de HCl 0-1 n 

5 CC 

5-03 cc 

25 „ 

5-05 „ 

50 „ 

5-10 „ 

100 „ 

515 „ 

250 „ 

5-28 „ 


L’indicateur ne peut pas etre utilise en presence d’iodures ©t de 
thiosulfates ou de quantity un peu considerables de bromures et de 
rhodanures. 


Titrages alcalimetriques. 

fitant donne que le p H auquel ]e nouvel indicateur fait apparaftre 
un trouble net, appartient au domaine de virage du jaune dimethyle 
(dim6thylamino-azo-benzene), tousles titrages ont ete controles k l’aide 
d’indicateurs colores. On titrait soit a part des quantites egales de 
substance avec emploi de jaune dimethyl©, soit en presence de Tun 
et l’autre indicateurs. Dans ce cas-la la fin du titrage a ete indique© 
k la fois par la formation du trouble et par le virage du colorant. 

Dans tous ces titrages alcalimetriques les points de transition con- 
cordaient. 

NaOH : 

NaOH 0-5 n titre par HCl 
NaOH 

miso cn teuvro 
1*00 CC 
5*00 „ 

10-00 „ 

25-00 „ 


0*5 n. Volume au debut du titrage: 50 cc. 

Consommation 
de HCl 0-5 n 

1-00 CC 
5-05 „ 

1010 „ 

25-25 „ 


Les titrages faits en presence de l’indicateur de trouble ont 
donne les memes resultats meme dans le cas des iiquides fortement 
colores par le violet de methyle ou le brun Bismark. 


Ca(OH ) 2 : 

Le titrage a ete fait par HCl 0-1 n. Volume: 50 cc. 


Eau do 'chanx 
miso on oeuvre 

10-00 cc 
25-00 „ 
50-00 ,, 


Consommation 
de HCl 0-1 » 

4-50 CC 
11-30 „ 
22-60 „ 
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NH 3 : 

Ammoniaque sensiblement 0*5 n, HCl 0*5 n. Volume 50 cc. 

Ammoniaque Consommation 

mise en oeuvre de HCl 0*5 n 

1*00 cc 1*03 cc 

5*00 „ 5*00 „ 

10*00 „ 9*93 „ 

25*00 „ 24*75 „ 


Carbonates alcalins: 


Mis en oeuvre 

Consommation 
de HCl 0*5 n 

Trouve 

0*2818 gr 

Na 2 C0 3 (Merck p. a.) 

10 62 CC 

99-86% 

0*6459 gr 

Na 2 C0 3 

24*38 „ 

10002% 

0*5748 gr 

KHCOt (Kahlbaum p. a.) 

11*50 „ 

100-15% 


Le borax se laisse titrer tout aussi bien que les carbonates alcalins. 

Lea cyanures ne sauraient etre titr6s au moyen de moil indicateur, 
parce que le trouble n’apparait qu’apres le dopassement du point 
d’^qui valence. 

Titrages acidim^triques. 

Lorsque a une solution d’acide on ajoute mon indicateur, il se forme 
un trouble abondant. On titre alors par la lessive alcaline jusqu’a ce 
que la liqueur soit juste devenue limpide. Si Ton opere avec des acides 
autres que le chlorhydrique, il est bon d’ajoutor 1—2 cc de NaCl 0*1 n. 

HCl : 

HCl 0*5 n a 6te titre par NaOH 0*5 n. Les deux indicateurs, celui 
de trouble et celui de virage (au jaune dimethyle) ont donn6 les 
memes valeurs. Volume au debut: 50 cc. 


cc de HCl Consommation 

mis en oeuvre de NaOH 0*5 n 


100 

500 

10*00 

25*00 


1*00 cc 
5*00 „ 
10*03 „ 
25*05 „ 
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La presence (Tune faible quantity d© chlor© ou de brom© libras, 
qui d^truisent les indicateurs colons, ne gone point Je titrage au 
moyen de l’indicateur & trouble. 

H 2 SO,: 

H 2 SO 4 sensibleraent 0*5 n 9 a 6 te titr6 par NaOH 0*5 n dans les 
conditions indiqu^es pour HCl. 


cc d’acide 
mis en oeuvre 

500 

10*00 

25*00 


Consommation 
do NaOH 0*5 n 

5*15 CC 
10*35 „ 
25*80 „ 


HNO z . 


HNO a sensiblement 0*5 n titre dans les memes conditions. 


cc d’acide 
mis en oeuvre 


Consommation 
do NaOH 0*5 n 


5*00 

10*00 

25*00 


5*35 cc 
10*65 „ 
26*55 „ 


La presence d’acide azoteux no gene pas. 

H s PO t : 

L’acide phosphorique peut etre titre comme un fort acide mono- 
basique a pn =4-35. 6 ) Le point de transition de mon indicateur etant 
situ6 pres de cette valeur, il peut bien servir pour titrer l’acide phos¬ 
phorique jusqu’au premier degre d’ionisation. 

Une solution d’acide phosphorique sedsiblement grr-moleculaire a 6 te 
titr6e par NaOH 0*5 n en presence de notre indicateur a trouble, puis 
separ^ment en presence de jaune dimethyle jusqu’4 coloration jaune 
intense et de ph£nolphtal6ine (5 gouttes d’une solution a 1 %) jusqu’i 
teinte fortement rouge. Volume initial du liquide: 25 cc. 


cc d’acide 
mis en oeuvre 


Consommation 
de NaOH 0*5 n 
en presence de 
mon indicateur 


Consommation 
en presence 
de jaune 
dimethyle 


Demi-con* 
sommation 
en presence de 
ph6nolphtal6ine 


1*00 

5*00 

10*00 

25*00 


1*05 cc 
5*18 „ 
10*33 „ 
25*50 


1*02 cc 
515 „ 
10 23 „ 
2540 


107 cc 
5-20 „ 
10 -30 „ 
25-05 „ 


11 


11 
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H 2 CrO A : 

L’acide chromique lui aussi peut etre titre comme un fort acide 
monobasique k p# —4*0. 7 ) Le titrage k l’aide d’indicateurs colores 
presonte des difficult^ considerables, parce que la coloration intense 
de l’ion bichromate rend malaise Tetablissement de la fin du titrage. 

Au moyen de mon indicateur Tacide se laisse bien titrer comme un 
acide monobasique. ‘ 

La liqueur employee a etc preparee on dissolvant 26 gr d’anhydride 
chromique (Merck pro analysi, exempt d 'H 2 SO A ) k 1 litre. Son titre 
a 6te etabli iodometriquement; comme moyenne de 3 determinations 
onatrouvo 2 5540 gr d eCrO z dans JOG cc. 1 cc de NaOH 0*5 n correspond 
a 0*050005 gr de CrO z (0*05902 gr de // 2 CV0 4 ), 1 cc de NaOH 0 1 n, a 
0*010001 gr de CrO z (0 011803 gr de H 2 CrO A ). 

A pres avoir ajoute 2 cc de NaCl 0*1 wet 2 cc de mon indicateur, on 
a titre par NaOH 0*5 n jusqu’a disparition du trouble. Vers la fin, 
il faut que le titrage soit fait avec precaution. Volume initial: 25 cc. 


cc d’acide 
mis on couvro 

Consommation 
de NaOH 0*5 n 

Trouve gr 
do CrO z 

Difference 
en gr de CrO, 

2*00 

1*00 CC 

0*0500 

-0-0011 

500 

2-50 „ 

0*1250 

— 0*0022 

10*00 

5‘ 10 „ 

0*2550 

— 0*0004 

25*00 

12-75 „ 

0*6376 

— 0*0009 

50*00 

25 60 „ 

1*2800 

+ 0*0003 


Comme on le voit, les r6sultats sont satisfaisants. 

Le titrage inverse du chromate par Tackle n’est pas possible avec 
mon indicateur, car le trouble apparait trop tot. 

Le proced^ decrit ci-dessus peut etre applique avantageusement k 
la preuve et au dosage de l’acide chromique libre dans les bichromates 
alcalins. Oe dosage devient important surtout dans le cas oh Ton veut 
user du bichromate alcalin comme etalon iodometrique, 8 ) car rneme 
les bons produits du commerce renferment parfois de I’acide chromique 
libre. Pour doser ce dernier, on preconisait jusqu’ici le titrage conducto- 
m6trique. 

Voici comment on peut effectuer la preuve de Tacide chromique 
libre dans le bichromate: On dissout 1 gr de bichromate dans 10 cc 
environ d’eau, on filtre au besoin, puis on ajoute a la solution froide 
et limpide 1 cc de NaCl 0-1 n et 1 cc de mon indicateur. 0*0005 gr de 
CrO z (0*05%) se trahissent encore par un trouble net apparaissant en 
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quelques seconded. Par contre, une solution de bichromate exempt 
d’acide libre reste limpide meme apres plusieurs heures. 

Dosage d'acide chromique: 5 gr de bichromate, dissous dans 60 cc 
d’eau, sont additionnes de 2 cc de NaCl 0-1 n et de 2 cc d’indicateur. 
On y verse lentement la NaOH 01 n jusqu’a ce que la liqueur devienne 
tout k fait limpide. 

Le dosage a et6 op6r 6 sur un bichromate de potassium obtenu par 
deux recristaliisations du produit Kahlbaum (pro analysi) et qui n’a 
pas donne la reaction de l’acide chromique libre. Puis on a ajout6 0-010 gr 
de CrO z . Consommation de NaOH 01 n : 1*0 cc, ce qui s’accorde 
parfaitement avec la consommation theorique. 

De la maniere indiqu^e j’ai effectue le dosage de Tackle chromique 
libre dans quelques bichromates de potassium du commerce: 


Produit 

Consommation 
de NaOH 0*1 n 

Trouv6 
•/. CrO, 

Kahlbaum zur Analyse 

1*70 cc 

034 

Merck puriss. pro analysi 

2-50 „ 

050 

E. de Haen fur Analyse 

1-50 „ 

030 

J. D. Riedel puriss. cryst. 

D. A. B. VI. 

3 20 „ 

0-64 

Schering-Kahlbaum puriss. cr. 

3 70 „ 

0-74 

Provenance inconnue 

6-00 „ 

1-20 


Resum6: 

Le systeme cyanure mercurique-rhodanure cliromique est un indi- 
cateur sensible de la concentration en ions H'\ pour pu inf6rieur k 4*0 
il donne un trouble de chromirhodanure mercurique qui disparait 
pour pn inferieur k 4*0. 

Le nouvel indicateur peut etre appliqu^ au titrage des bases et des 
acides forts. II se laisse utiliser dans le cas des solutions color6es ou 
renfermant des corps d^truisant les indicateurs colons. II permet, 
en outre, detitreravantageusementl’acide chromique et d 'en rechercher 
ou doser de faibles quantites dans les bichromates. 

Institut de Chimie anctiytique 
d VUniversiM Charles de Prague 
( Tchicoslovaquie ), 
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SUR L’HYDRAZIDE 12.0XYST£ARIQITE ET QUELQUE8-IJNS 
DE SES DERIVES 

par J. VOfUSEK. 

Les hydrazides des acides gras superieurs prennent naissance dans 
Faction des acides gras, de leurs ethers-sels, chlorures ou amides sur 
Fhydrate d’hydrazine. Quand on opere avec Facide gras libre, la re¬ 
action donne d’abord le sel hydrazinique qui se transforme en hydrazide 
par perte d’eau. 1 ) Les dthers (chlorures, amides) d’acides gras donnent 
Thydrazide par perte respectivement d'alcool, de HCl ou de NH%. 2 ) 

Parmi les hydrazides des acides gras superieurs on a prepare 
celles des acides palmitique et stearique; parmi lew derives diacyles 
symetriques on connait ceux des acides palmitique, stearique, et 
comrae derives mixtes Facetylstikrylhydrazine, 1 ’acetylpalmitvl- 
hydrazine et Facetyloleylhydrazine. 1 ) 

Dans la formation de tous ces corps e'etait uniquement le groupe 
carboxyle ou la liaison ethylenique qui entraient en jcu. La question 
se pose maintenant quelle sera la maniere de se comporter des acides 
gras superieurs renfermant une fonction alcooL J’ai £tudie la question 
sur Facide oxystearique obtenu a partir de Facide ricinoleique par 
hydrogenation au moyen de Fhydrate d’hydrazine. 

Dans la preparation de l’hydrazide oxystearique je proc£dais de 
ineme que dans colle des hydrazides dej& connues, mais le produit 
poss&lait une tendance marquee a se separer de ses solutions alcoo- 
liques k Fetat amorphe, g&atineux, sans qu’il ait 4te possible de le faire 
cristalliser en employant d’autres solvants. J’ai toutefois r&issi k le 
purifier k Fetat de son hydrochlorure qui, lui, cristallise ais^ment 
et permet d'obtenir Fhydrazide pure. 

Parti© experimental©. 

Hydrazide 12-oxyst<$arique. 

C\H U . CH(OH ). [GH 2 \ l0 .CO . NHNH 2 . 

L’acide 12-oxyst6arique (p. de f. 81—82°) a 6 te chauflte avec un exe&s 
dehydrate d’hydrazine, au bain-marie et k reflux, pendant 12 heures. 
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Le produit dissous dans l’alcool a 6 t 6 addition^ d’acide chlorhydrique 
jusqu’a reaction acide, le precipit^ a et 6 filtre, lavt$ a l’eau chaude, 
dissous dans Palcool et sature de gaz chlorhydrique. Les cristaux 
obtenus ont 6 t 6 recristallis^s deux fois dans Palcool sature de HCl, 
puis redissous dans Palcool seul. La solution a etc faiblement alcali- 
nisee par NH& et precipitee par un exces d’eau chaude, ce qui a donne 
Phydrazide sous forme d’^cailles de forme irreguliere, fusibles entre 
115*5° et 116-5°. 

Le produit reduisait energiquement les solutions ammoniacales 
d’azotate d’argent. II etait insoluble dans Pessence de petrole, tres 
soluble dans Palcool a 96% chaud d’oii il se separait a l’etat floconneux 
ou meme gelatineux. 11 se laissait cristalliser uniquement dans un 
melange d’alcool-ether-essence de petrole (1:1:1) par evaporation 
lente de ses solutions diluees. 

Analyse elemental re: 

Substance: 0*1829 gr , N 2 14-55 cc (20°, 752 mm). 

51-4 mgr , C0 2 129-5 mgr , H 2 0 57*05 mgr. 

O lB H Z8 0 2 N 2 (314-31): Caleule C 68-72%, H 12-19%, N 8-91%. 

Trouve C 68-71%, H 12-41%, N 8-96%. 

Hydrochlorure. II a ete obtenu en saturant de HCl gazeux une 
solution d’hydrazide dans Palcool bouillant. Les cristaux obtenus. 
dont Paspect rappelait les fibres de cellulose, ont ete recristallises 
dans Palcool sature de HCl , lav^s a Pessence de petrole et seches a 
110°. Us fondaient alors de 162 a 163°. 

Dosage de chlore: 

0*2000 gr de substance ont ete calcines avec Na 2 C0 3 , puis Pion 
chlore a ete dose par titrage mercurim6trique d’apres la methode 
d’E. Votofiek. 

Consommation de Ag(NO z ) 2 N/ 10 5-81 cc. 

C lB H 3B 0 2 N 2 Cl (350-78): Calculi Cl 10-11%. 

Trouve Cl 10-30%. 

Acetyl-12-oxystearylhydrazine symctrique. 

C 9 H lz .CH(OH ). [CH^.CO.NH . NH.CO.CH 2 . 

L’hydrazide initiate a chauff^e doucement avec un faible exces 
d’anhydride ac6tique (et un peu d’alcool) jusqu’a dissolution complete. 
Le refroidissement du liquide a separe de fines aiguilles groupies en 
pinceaux. Apr&s deux cristallisations dans Palcool et lavage ulterieur 
avec Pessence de petrole, le corps pur fond entre 144 et 145°. 
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Indice d’ac^tyle: 

Substance: 0-5162 gr, KOH nj 10 14-52 cc. 

C 20 H M O z N 2 (356-33): indice d’ac^tyle calcule 168-6. 

„ ,, trouv£ 168-71. 

Acetyl-12-ac£toxystearylhy dr azine sym^trique. 

C e H ls . GH(0. CO . CH a )[CH t ] l0 . CO .NH.NH .CO.CH a . 

Un melange d’hydrazide initiale et d’anhydride acetique a 
chauff4 k l’ebullition a reflux pendant 1 / 4 d’heure. Le liquide reactionnel 
a ete additionne d’un exces d’eau ehaude, et l’huile separ^e a lav^e 
a 1’eau bouillante, dans un courant de C0 2 , jusqu’h disparition de la 
reaction acide. Le produit ainsi purifie formait une huile epaisse jaune 
clair. 

Indice d’acetyle: 

Substance: 1-381 gr, KOH nj 2 15-92 cc. 

(398-35): indice d’acetyle calcule 315-8. 

,, ,, brouve 317-6. 

Bis-12-oxystearylhydrazine symetrique. 

C\H n . CH(OH). [CH 2 \ M . CO. NH . NH . CO. [CH 2 ] 10 . CH(OH). C\H n . 

A 10 gr d'hydrazide 12-oxystearique dissous dans 60 cc d’alcool on a 
ajoute par portions d’abord 2 gr d’iode, puis d’un seul coup 6 gr en 
solution alcoolique. 

Le melange a ete verse, par portions et en agitant, dans 500 cc d’eau 
bouillante. Le produit separe a etc lave a l’eau ehaude, puis recristal- 
lis^ plusieurs fois dans l’alcool. 11 eat en aiguilles microscopiques 
fondant de 153 a 154". 

Dosage d’azote: 

Substance: 0-2478 gr, N 2 10-6 cc (19-5°, 740-1 mm). 

0 9 t H 7 i O i N 2 (596-58): Calcule N 4-67%. 

Trouve N 4-74%. 

Bibliographie: 
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A CONTRIBUTION 

TO THE KNOWLEDGE OF THE LIQUID JUNCTION POTENTIALS. 

PART I. 


By J. B. CHLOUPEK, VL. Z. DANES and B. A. DANESOVA. 

In spite of numerous efforts the question of the liquid junction 
potential laws remains unsolved both in its theoretical and practical 
aspects. If we take into consideration its importance for the exact 
determination of the single potentials and, in this connexion, of the 
individual ion activities, we cannot wonder that this arduous problem 
was attacked afresh nowadays from several investigators. The older 
papers bearing on this subject were concerned mostly with the experi¬ 
mental testing of the theoretical expressions due to Nernst, Planck, 
Henderson, Pleijel, Negbauer, Lewis and Sargent, and the 
authors, as we are now aware, were far from realizing fully the intricacy 
of the task. 1 ) Today we know that it is yet impossible to measure 
their “absolute” values without making some special and rather 
dubious suppositions. 

In one of our preceding communications 2 ) we have made an attempt 
to ascertain the activity values of the silver ion in aqueous solutions 
of some electrolytes. That led us to study in detail the question of the 
liquid junction potentials. Our results are assembled in this paper 
from the point of view of the behaviour of these potentials when the 
concentration and valency type of the electrolytes whose solutions 
serve to build up the junction change. For a measuring cell we chose 
one that taken alone has an e. m. f. (electromotive force) equal (or 
nearly equal) to zero,*) as far as our present day knowledge goes. 
What we measure in this maimer, is the algebraic sum of the liquid 
junction potentials in play in the cell. Such a cell is the following: 

HgjHgCl, 0-1 n KCl (bridging solution) 0*1 n HCl, HgCljHg. 


*) Naturally without counting the liquid junction potentials. 
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According to the theory of Debye and Hiickel, the activity coef¬ 
ficients of Cl both in 0*1 n KCl solution and in 0*1 n HCl solution 
are equal. The cell should therefore have no e. m. f. save that due 
to junction potentials. But, on the other side, this concentration 
(0*1 n) is already past the limits of validity of the Debye-Huckel 
formula; one has, therefore, to expect a slight potential difference 
due to the small divergence of these activity coefficients. Nevertheless, 
one can reasonably estimate this e. m. f. to be very small and to 
attain hardly the order of magnitude of the experimental errors 
involved. 

This cell, in various forms, was the subject of many investigations. 
For our treatment come into consideration the papers by Lewis, 
Brighton and Sebastian, — Fales and Vosburgh, — Harned, 
Me Innes and Yell, — and Guggenheim. 3 ) The workers here named 
chose various methods to realize the liquid junctions. In the later 
period, there predominates — especially in the papers of American 
origin — the “flowing junction” proposed by Lamb and Larson 4 ) 
and ameliorated by Roberts and Fenwick. According to the liter¬ 
ature, it gives reproducible values. Nevertheless, there are also 
inherent drawbacks: the influence of the velocity of flow, the width 
of the junction, 5 ) etc; we chose, therefore, another type of realization. 
Our device can be classed according to Guggenheim (1. c.) as the 
“free diffusion” type. The cylindrical symmetry demanded by the 
theory and supported by experience is here rigorously maintained. 
Quite recently there appeared two papers by A. L. Ferguson, K. Van 
Lente and R. Hitchens 6 ) who use a modification of this type and 
claim an extraordinarily good constancy with time. 


Apparatus. 

The measuring arrangement has been previously fully described 
by us in this Collection (1. c. 2). We found it very advantageous for this 
sort of work to keep both the normal cell battery and the storage 
cell in the thermostat. The manufacture of the cells 7 ) and their filling 
in vacuo or in a stream of hydrogen 8 ) was carried out according to 
directions commonly .approved. The special form of our salt bridge 
vessels w ith water-jackets on their four branches has been shown 1. c. 
2, Fig. 3 and the procedure of superposing the solutions without 
mixing (by means of special pipettes with the narrow bore tips turned 
upward) was dealt with there. It is well to emphasize here that no 
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porous bodies were used in our systems (a source of errors commonly 
not appreciated enough. 9 ) The temperature of the main thermostat 
was maintained at 25 ± 0*005° 0. 

The results. 

It iR not our purpose to enter into theoretical evaluation of our 
results here. The older mathematical formulations of the problem 
are at variance with the present day theory of strong electrolytes. 
The new theory, on the other side, in its manifold and fruitful develop¬ 
ment has not yet come in closer touch with this problem. We give 
here directly our experimental results and leave the necessary discus¬ 
sion for the paper immediately following. 

The concentration of the junction solutions was varied from com¬ 
plete saturation to 0*001 n. Solutions more dilute than this limit 
give sometimes (according to the type of salt) rather inconstant 
values. When the e. m. f. of the cell maintained at 25° C showed to 
have reached a steady state, the junction was warmed slowly to 32° C 
by means of a stream of water from an auxiliary thermostat, circulat¬ 
ing in the water-jackets of the junction. The new equilibrium temp¬ 
erature was maintained for some time, the e. m. f. measured repeatedly: 
and then the temperature of the junction was lowered back to 25° V 
and the measurement repeated. The result was considered valid only 
when the two 25°-values of the e. m. f. coincided closely enough. It is 
interesting to note that in spite of the pronounced disturbance of 
the diffusion process due to these temperature changes the reproduci¬ 
bility was quite satisfactory, a sign of the stability of this type of 
junction. In order to obviate some possible objections to this manner of 
measuring of the temperature coefficients, we repeatedly checked our 
results in the following way: the junction tubes (previously warmed) 
were freshly filled for every measurement at both temperatures. 
The difference between the results obtained by these two methods 
was approx, only 0*04 millivolts. The sensibility of our potentiomctric 
arrangement was ri(V~~ 6 volts, the ‘'absolute” precision is, of course, 
lower and varying with several factors (concentration, the? valency 
type of the electrolyte etc.). The measurements were pushed to the 
limits of sensibility, even in cases where the tabulated values are 
rounded off. 

The temperature coefficients of the liquid junction potentials given 
here are to be regarded as informative numbers, not “absolute” 
values. 
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Table I. 


Junction solution KCl. 


jrmality 

Number 
of measur. 

E. M. F. 
millivolts 

Temp, coeff. 
0-1 n KCl 

Temp, coeff. 
Q-lnKCl 

Guggenheim 

4 

10 

4*34 

— 0*2 

— 2-8 

M 

2 

10 

4*36 

— 0*15 

— 2-2 

4-57*) 

1 

10 

8*55 

— 

— 2-0 

8-4 

0-5 

10 

12-41 

— 

— 1-9 

12-55 

01 

15 

27*08 

— 

— 20 

27-00 

0-05 

10 

36-63 

0*2 

— 21 

— 

001 

10 

56-87 

0*2 

— 1-8 


0005 

10 

65-85 

— 

— 


0 001 

10 

86-97 





The first item gives the concentration of the junction solution, the 
second the number of measurements averaged, the third contains 
the measured e. m. f. and the two following indicate the temperature 
coefficients of the diffusion potentials (see also 1. c. 2): 

_0-1 n KCl , junction solution — junction solution, 0*1 n HCl _ 

The sign of the potentials is given as usual (the negative current 
from right to left). The last item contains the data obtained by Gug¬ 
genheim (1. c. 3) with his “free diffusion” junction. The concordance 
with our values is very good. In one instance only there is a marked 
discrepancy: for c = 4 n we were not able, in spite of repeated efforts, 
to obtain such a low value as is given by the author aforesaid. This 
seems not to be an experimental error on our side, for with potassium 
nitrate (containing an ion of very similar mobility), we obtained 
again values as high as in the preceding case. As regards the funda¬ 
mental potential difference 0* 1 n AT2/0-1 n HCl , we have the data of 
Myers and Acree 12 ) who found 0-0277 volts, whereas the same case 
investigated by Fales and Yosburgh (1. c. 3) gives 0*0270 volts, 
and, lastly, Mac Inn.es and Yu Liang Yeh find 0*02678 volts for 
this difference. One has, however, to bear in mind that the researches 
cited were made with different types of electrolyte “bridges”. 


*) interpolated. 
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Table IJ. 


Junction solution NaCl. 


Normality 

Number 
of measur. 

E. M. F. 
millivolts 

Temp, coeff. 
0*1 * KOI 

Temp, coeff. 
0 -1 n HCl 

5 

4 

7-0 

- 

- 1*6 

3 

4 

3-2 


1-8 

1 

4 

5-0 

- 

20 

0*5 

4 

19-7 


2-1 

0-1 

5 

29-3 


2-2 

005 

5 

35-8 


2-2 

001 

5 

57-3 



0005 

6 

65-1 



0001 

6 

86-2 





Table III 




Junction solution 

NHJJl. 


Normalit> 

Number 
of mean. 

E. M. F. 

millivolts 

Temp, coeff. 
0-1 n KC1 

Temp, coeff. 
0*1 n HCl 

5 

4 

- 0-7 

0-6 

- 30 

3 

4 

2-5 


1-8 

1 

4 

8*4 

0-3 

2-5 

0*5 

4 

11-fi 

0-0 

3-2 

01 

o 

310 


2-1 

0-05 

5 

38-4 


1-4 

0-01 

5 

5ft-ft 


— 

0-005 

5 

04-6 



0001 

ft 

86-2 





Table IV. 




Junction solution 

KNOt. 


Normality 

Number 

of me as. 

E. M. F. 
millivolts 

Temp, coeff. 
0*1 n KCl 

Temp, cooff. 
0-1 n HCl 

3 

4 

5-0 


2*4 

1 

4 

9-7 


2-3 

0-5 

4 

13-4 


2-3 

0-05 

4 

36-0 


-- 2-2 

0-01 

5 

55-6 



0-005 

5 

66-2 



0 001 

5 

85-4 




34 
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Table V. 

Junction solution NaNO B . 


Normality 

Number 
of meas. 

E. M. F. 
millivolts 

Temp, coeff. 
01 nKCl 

Temp, coeff. 
01 n HGl 

7*5 

4 

— 6*9 


— 1*4 

3 

4 

— 1*3 


2*1 

1 

4 

71 


2*2 

0*2 

4 

20-4 


— 1*9 

005 

4 

36*2 


2*0 

001 

5 

56*2 



0*005 

5 

65*4 



0*001 

5 

85*8 





Table VI. 



Junction solution 

NH^NOt. 


Normality 

Number 
of meas. 

E. M. F. 
millivolts 

Temp, coeff. 
01 n KC1 

Temp, coeff. 
0*1 w HCl 

10 

4 

— 0*9 


— 2*5 

7*5 

4 

0-6 


2*7 

3 

4 

4-7 


— 2*5 

1 

4 

91 


- - 2*0 

0*4 

5 

15*2 


— 2*6 

0*1 

4 

27*6 


- 2*3 

0*05 

5 

35-9 




Table VTI. 

Junction solution K 2 SO v 


Normality 

Number 
of meas. 

E. M. F. 
millivolts 

Temp, coeff. 
0-1 n KCl 

Temp, coeff. 
0* 1 n HOI 

1-2 

4 

23*8 

1-1 

— 3*2 

0-4 

4' 

26*6 

0-8 

— 3*3 

0-2 

4 

29*3 

0-9 

— 2*8 

002 

4 

50*7 

0-9 

— 2*5 

001 

4 

58*67 

0-5 

— 2*1 
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Table VIII. 

Junction solution (NH i ) 2 S0 4 . 


Normality 

Number 
of meas. 

E. M. F. 
millivolts 

Temp, coeff. 
0*1 n KOI 

Temp, coeff. 
0 *1 n HGl 

6 

4 

22*72 

1*8 

— 3*8 

2 

4 

23*41 

1*8 

— 4*0 

0*8 

4 

24*1 

1*5 

- 3*4 

0*2 

4 

29*1 

1*0 

— 3*6 

0*1 

4 

33*7 

0*9 

—- 3*5 

0*01 

5 

57*6 

1*2 

2*6 

0*001 

5 

88*1 

0*6 

— 0*9 

0*0002 

7 

108*1 




Normality 

2 

1-4 

0*6 

0-2 

01 


Table IX. 

Junction solution NcuySO^. 


Number 
of meas. 

4 

4 

4 

4 

4 


E. M. F. 
millivolts 

22*4 

23- 3 

24- 5 
26-7 
33*8 


Temp, coeff. 
01 nKCl 

1*0 

1*1 

1*0 

1*1 

1*3 


Temp, coeff. 
0 *1 n HGl 

- 2*6 

- 2*3 

- ~ 2*4 

- 2*6 
— 2*8 


Table X. 

Junction solution ZnS0 A . 


mality 

Number 
of meas. 

E. M. F. 
millivolts 

Temp, coeff. 

0 *1 n KGl 

Temp, coef 
0 *1 n HGl 

6 

4 

16*4 

0*5 

— 2*0 

3 

4 

18-1 

0*3 

— 1*8 

1*4 

4 

20*6 

0*6 

— 2*0 

0*4 

4 

27*1 

0*6 

— 2*2 

0*1 

4 

37*0 

0*7 

— 2*8 

0*01 

5 

64*7 

0*5 

— 2*0 

0*001 

8 

86*4 

0*0 

— 2*3 


34 * 
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Table XI. 




Junction solution MgCl % . 


Normality 

Number 
of meas. 

E. M. F. 
millivolts 

Temp, ooeff. 
0*1 n KCl 

Temp, ooeff. 
0 *1 w HCl 

8 

4 

— 15*7 

0*6 

-3*0 

3 

4 

- 7*7 

0-8 

— 2*4 

1 

4 

2*1 

0*5 

— 2*7 

0-2 

4 

16*0 

0*7 

- 1*8 

0 1 

4 

23*7 

0*6 

- 1*8 

004 

4 

38*3 


- 1-9 

002 

6 

40*4 


- 1*4 

001 

5 

54*1 


-0*8 

0004 

7 

71*88 





Table XII. 




Junction solution K 2 Cr0 4 


Normality 

Number 
of meas. 

E. M. F. 
millivolts 

Temp. coeff. 
0*1 n KCl 

Temp, coeff. 
0 *1 n HCl 

5 

4 

24*70 

0*7 

-4*3 

2 

4 

25-10 

0*9 

— 4*1 

1 

4 

25*23 

0*9 

— 4*2 

0-5 

4 

25*73 

0*8 

-3*8 

0*4 

4 

26*19 

0*9 

-3-6 

0*332 

4 

27*90 

1*0 

— 3*3 

0*2 

4 

28*13 

0*8 

3*2 

0*1 

4 

32*21 

M 

— 3-2 

0*02 

5 

49*02 

1*0 

- 2*2 

0*01 

7 

56*79 

0*7 

— 2*8 

0*004 

7 

67*65 





Table XIII. 




Junction solution K 4 Fe (ON 


Normality 

Number 
of meas. 

E. M. F. 
millivolts 

Temp, coeff. 
0*1 n KCl 

Temp, coeff. 
0*1 n HCl 

2* 72 

4 

26-57 

M 

— 3*5 

1*2 

4 

27-06 

0*8 

— 3*4 
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Normality 

Number 
of meas. 

E. M. F. 
millivolts 

Temp, coeff. 
0-1 n KCl 

Temp, coeff. 
0 *1 n HCl 

0-4 

4 

28-59 

0-6 

— 2*9 

0-2 

4 

31-16 

0*5 

- 3*2 

0-04 

4 

43-32 

0*6 

- 30 

0*02 

4 

49-81 

0-4 

2-6 

0-004 

6 

64-36 


— 21 

0-001 

7 

82-23 
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Summary. 

This paper gives the experimental results of an investigation on the 
junction potentials in the cell: 

IlgjUgCl , 0*1 n KCl (junction solution) 0*1 n HCl, HgCl/Hg. 

For junction solutions were chosen types of strong electrolytes where 
the influence of the charge type of ions and degree of symmetry should 
be clearly indicated in the results, the chief variable being the con¬ 
centration. The experimental realization of the “salt bridge” or liquid 
junction chosen for this work was that of the “free diffusion” type. 
The junction tubes (cylindrical symmetry) were water-jacketed on 
both sides in order to make possible the determination of the temper¬ 
ature coefficients of the liquid junction potentials, these coefficients 
forming an important basis for our treatment of the experimental 
results. These are given in the form of tables and their discussion is 
reserved for a paper immediately following this one. 
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POLAROGRAPHIC STUDIES WITH THE DROPPING MERCURY 
KATHODE. — PART XXXVI. — THE CATALYSIS OF THE 
ELECTRO-DEPOSITION OF HYDROGEN DUE TO THE 
PRESENCE OF THE PLATINUM METALS 

by P. HERA8YMENKO and I. SLKNDYK. 

In previous papers 1 ), 2 ) the present authors described the catalytic 
effect due to traces of platinum exhibited in the deposition of hydrogen 
from acid solutions at the dropping mercury kathode. In continuation 
of this research the effect of other metals of the eighth group of the 
periodic system was investigated, some results of which are presented 
in this paper. 

A great number of now phenomena observed during this work 
deserve a more detailed investigation than it was possible for the 
authors to accomplish until present. Owing to the unavoidable with¬ 
drawal of one of the authors, this investigation is temporarily inter¬ 
rupted. However it seems to us desirable to record what has so far 
been done. 

The method employed. When an acid solution containing a very 
small amount of platinum salt is brought in contact with metallic 
mercury the deposition of platinum immediately takes place, the 
mercury passing into solution. If the mercury is made kathode the 
oxidation of mercury is prevented and the current is consumed only 
for electrodeposition of platinum. 

The amount of platinum depositing in unit time at the dropping 
mercury kathode is, owing to the continual renewal of the electrode 
surface constant, and is directly proportional to the concentration of 
the platinum salt in solution. Thus the concentration of the electro- 
deposited platinum in the kathode surface can be easily controlled 
by changing the concentration of the platinum salt in solution. 

It can be calculated that when using a 3x 10~~ 4 n. platinic chloride 
solution, only about 1 per cent of the kathode surface becomes covered 
with electrodeposited platinum atoms. Tn the majority of our ex- 
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periments we used much smaller concentrations of platinum salts in 
solution, namely within 10~~ 4 and 10-~ 7 (/r.-equiv. per litre. 

Therefore, in our experiments only from 1 per cent to 0*001 per 
cent of the kathode surface was covered with platinum atoms. It was 
found that even such very dilute “amalgams” of the metals of the 
eighth group produce a pronounced change in the appearance of the 
current-voltage curve due to hydrogen deposition from acid solutions. 

The electrolysis was carried out in an atmosphere of nitrogen 
carefully purified from oxygen. The electrolysis cell consisted of two 
compartments. The kathodic compartment contained the solution to 
be electrolysed, the anodic compartment had the same solution but 
without the platinum salt. The mercury anode had to be placed in 
a separate compartment, because otherwise the concentration of the 
platinum salt in the vicinity of the kathode would not remain constant. 
(For other details of our experimental arrangement reference must 
be made to our previous publications.) 1 ), 2 ) 

The reproducibility of the current-voltage curves of hydrogen 
deposition from acid solutions containing traces of platinum group 
metals depends upon a number of factors. Thus, wdien a very dilute 
solution of platinum salt was added to the investigated solution 
of hydrochloric acid, the catalytic effect was in general less pronounced 
than when the same equivalent from a more concentrated solution 
was added. This is ascribed to adsorption of platinum salt on the 
walls of the glass vessels and to reduction by impurities of organic 
nature; to this point it should be further borne in mind, that the 
effect of the metals of the eighth group on the hydrogen deposition 
is a heterogeneous catalysis and as such can be influenced to a high 
degree by the presence of traces of adsorbable matter acting as 
poisons. 

In carrying out these experiments due attention was paid to eliminate 
as far as possible the above mentioned complicating factors. 

Experimental results. 

The following elements of the eighth group of the periodic system 
were investigated as to their effect on the electrolytic hydrogen 
deposition: 

ruthenium, rhodium, palladium, iridium and platinum. 

Osmium. Only a few experiments were carried out with the addi¬ 
tion of this element in the form of osmic acid, OsO t , Yet soon it was 
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found out that mercury is getting oxidized and that this caused 
irregular dropping of the capillary electrode and lead to irreprodu- 
cible curves. Traces of this element give similar results to those of 
platinum, but the catalytic effect on the evolution of hydrogen seems 
somewhat lower than that of platinum. 

Platinum . The simplest catalytic phenomena were observed with 
platinum salt additions to acid solutions. 

In this case the current-voltage curve exhibits only one wave of 
the current which is due to the catalysis of hydrogen deposition by 
platinum atoms at the mercury kathode surface. 



Influence of the addition of platinic chloride oil the current-voltago curves 
in solutions of 0*1 n. HCl. 

This catalytic deposition of hydrogen starts at a kathode potential 
w hich is by 0*1—0*2 volt more positive than the* potential of hydrogen 
deposition at the pure dropping mercury kathode. (See Fig. 1). 

It is notable that the dependence of the intensity ( i) on the kathode 
potential (n) for the catalysed hydrogen deposition is given by the 
formula 0*058 log i + const., whereas the non-catalytic reaction 
(on a pure mercury surface) follow s the formula n ----- 0*087 log i + const. 

When traces of platinum are present at the kathode surface, the 
current due to the catalytic hydrogen deposition reaches a state 
of saturation. This limiting current depends on the concentration of 
the platinum salt and on the concentration of hydrions. (See diagram, 
Fig. 2.) 

Neutral salts considerably lower the limiting current of the catalyzed 
hydrogen deposition even when present in small concentrations. This 
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circumstance can also influence the reproducibility of the experimental 
results. The kathode potential of the catalyzed reaction is influenced 
by neutral salts in a similar manner as that of non-catalyzed hydrogen 
deposition. (Comp. 1 ) and 3 ).] 

Iridium. The catalytic effect of this element is considerably greater 
than that of platinum. The accompanying polarograms (Figs. 3 and 4) 
show that concentrations of iridic chloride as low as 3 x 10“ 6 n. IrCl 4 
strongly modify the shape of the current-voltage curve, whereas the 



• Fig. 2. 

Dependence of the catalytic current on the concentration of hydrions and 

of platinic chloride. 

same concentrations of platinic chloride will hardly produce an effect 
in acid solutions of the same strength., (The lowest curves in 
polarograms 3 and 4 correspond to pure acid solutions.) The current- 
voltage curves show in the presence of a trace of iridic chloride two 
bends of the current corresponding to two catalytic stages of hydrogen 
deposition. These two stages are denoted in the polarograms as C x and 
(\. At the second stage, C 2 , the current increases exponentially and 
approaches with increasing voltage a saturation value which is approxi¬ 
mately proportional to the concentration of iridium. At the first stage. 
(\, the current increases slowly and almost linearly with the increasing 
applied E. M. F.; it acquires, however, the normal, exponential shape 
with a small tendency to pass into a saturation state in normal 
hydrochloric acid and at high concentrations of iridic chloride. 
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The two increases of the current of the catalyzed hydrogen deposition 
suggest, that iridum atoms must be present at least in two forms in 



The current-voltage curves in solutions of rt. MCI. 

Curve 1 without iridium salt. 

Curves 2 -S with 0*7, 1*5, 3, 6, 12. 24, 36 micromole of /rCZ 4 per litre. 



The current-voltage curves in solutions of JO— 8 n. HCl, 

Curve 1 without iridium salt. 

Curves 2—8 with 0*7, 1*5, 3, 6, 12, 24 and 48 mioromols of IrCl 4 per litre. 




the kathode surface in order to produce two catalytic stages. The 
form corresponding to C 2 must be present in a greater quantity than 
that which is responsible for the first stage, C v because the amount 
of catalysis (= the height of the current) is greater at the second stage. 
Since the saturation currents in both catalytic stages are not well 
developed, the readings of the height of the waves could not be taken 
as exactly as in the case of platinum. We have therefore chosen as a 
measure for the catalytic activity of iridium the sum of the currents 
in the two stages. The dependence of the catalytic activity of iridium 



Fig. f>. 

Dependence of the catalytic current on the concentration of hydrions and 

of iridic chloride. 

on the concentrations of hydrions and of iridic? chloride is shown in 
the diagram, Fig. 5. Similarly as in the case of platinum the limiting 
current of the hydrogen deposition catalysed by iridium increases 
considerably from 0-01 n, to about 0-5 n. HCl ; a further increase of the 
concentration of hydrions changes the limiting current only slightly. 

On certain current-voltage curves especially in 0*1 n. hydrochloric 
acid one more catalytic stage could be observed in the presence of 
iridic salts. This third stage of catalysis appears at the kathode po¬ 
tential of 0*75—0*85 volt and reveals itself by a discontinuous bend 
of the current curve. This stage is denoted as C[. (See polarogram 
Fig. 6.) 

The approximate values of the kathode potential at which individual 
catalytic stages take place are compiled in the following table. 
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Table 1. 


Kathode potentials of hydrogen deposition in the presence of 


iridium 


0 *) c, c\ 


C\ 


n HCl 
01 n HCl 
0-01 n HCl 


—117 v. 
— 1-22 
— 1-28 


— 0-9 v. — 0-7(?)v. 

— 0-98 —0-75- -0-85 

- 105 — 


--0-5—0-6 v. 
- - 0-6 
__ 0-6 0-7 



The current-voltage curves in solutions of 01 n. HCl. 

Curve 1 without iridium salt. 

Curves 2—8 with 0*15, 0 .3, 0 0, 1*2, 2 4, 4*8 and 9*0 mieromols of IrCl x 

per litre. 


The difference of potentials between the catalytic stages is approxi¬ 
mately constant amounting to about 0*2 volt. 

Palladium . As already stated previously 1 ), 2 ) the influence of this 
element on the hydrogen deposition at the dropping mercury kathode 
is vanishingly small. In order to produce the same effect as observed 
with platinic chloride an approximately hundred times greater concen¬ 
tration of palladium chloride was necessary. At first the effect of 
palladium on the hydrogen deposition seemed so small, that the authors 
believed that palladium atoms deposited at the mercury kathode have 
no catalytic activity and that the slight effect observable with some 

*) The deposition potential at a pure mercury surface. 
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solutions of palladium chloride (10~ 4 molar) was ascribed to the conta¬ 
mination of the palladium salt with other metals of the eighth group. 
However, this statement could not be proven decisively and, therefore, 
we assume at present that palladium atoms embedded in the mercury 
surface also possess a catalytic activity although a very small one. 

Rhodium. The characteristic current-voltage curves of hydrogen 
deposition catalyzed by electrodeposited rhodium atoms are shown 
in the polarogram Pig. 7. Here again we observe two catalytic stages 



The current-voltage curves in solutions of 0\1 n. HCl. 

Slowly dropping mercury kathode. 

Curve 1 without rhodium salt. 

Curves 2—11 with 0*7, 1*3, 2*7, 6*4, L0*7, 21*4, 32*7, 40, 51 and 62 
micromols of RhCl z per litre. 

C x and C 2 . At the stage C 2 the current increases exponentially accord¬ 
ing to the formula 

n = —- 0*058 log i + const. 

The first stage, C lt develops only at higher concentrations of rhodium 
chloride; in the latter case the current increases sluggishly. It is seen 
from the polarogram Fig. 7 that the main proportion of catalysis 
takes place at the second stage, C 2 . At higher concentrations of rho¬ 
dium chloride the current-voltage curves (curves 7—11, Fig. 7) indicate 
faintly also the third catalytic stage C\. 

The mode of the catalyzed electrodeposition of hydrogen is depend¬ 
ent on the rate of dropping, as is evident from a comparison of polaro- 
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grams Fig. 7 and Fig. 8. Both polarograms were obtained with the same 
concentration of hydrochloric acid and of rhodium chloride, yet with 
different capillaries used for the mercury kathode. The capillary in 
Fig. 8 gave a greater rate of dropping which reveals itself on the 
curves of Fig. 8 by an increased slope of the linear part of the current- 
voltage curves. [This linear current corresponds to the charging of 
the molecular condenser at the kathode interface. Comp. 8 )]. 



The inirrent-voltage curves in solutions of 01 n. HCl obtained with a quickly 
dropping mercury kathode. 

Curve 1 without rhodium salt. 

Curves 2 7 with 2*7, 4, 10-7, 27. 40 and 107 micronic >1* RhCl s per litre. 

The catalytic stage C\ — almost imperceptible in the curves of 
Fig. 7 — becomes very well developed when the rate of dropping 
has increased (Fig, 8). At the same, time the increase of the current 
at stage C x acquires a more regular, exponential shape. 

These phenomena indicate that the catalysis of hydrogen deposition 
with electrodeposited rhodium atoms can take a different course 
according to the time allowed for rhodium atoms to arrange in groups 
of varying catalytic activity. However, the authors do not consider 
the effect of the rate of dropping as definitely established, because 
in the experiments carried out with a quickly dropping kathode the 
solutions contained a trace of oxygen. What factor has the predomi¬ 
nant influence, whether the rate of dropping or the presence of a 
trace of oxygen, has to be decided by further experiments. At pre- 
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sent it may be stated that — whatever was the actual cause of the 
considerable differences in the shape of the current-voltage curves 
observed — the result was a profound change in the distribution of 
the atoms of catalyst effected by a slight change in the experimental 
conditions. 

The approximate kathode potentials at which different stages of 
hydrogen deposition take place at the mercury surface contaminated 
with rhodium are given in the following table. 

Table 2. 

Kathode potentials of hydrogen deposition in the presence of 
rhodium. 

0 C\ C\ C. x 

0-1 n HCl — 1*22 v. 105 v. —0-8 v. —0-7 v. 

The catalytic activity of rhodium as judged from the total height 
of the limiting currents of all catalytic stages is considerably greater 
than that of iridium. Similarly as in the case of platinum and iridium 
the catalytic effect of rhodium depends also on the concentration of 
hydrions. The curves for this dependence are analogous to Figs. 2 and 5. 

Ruthenium has a still greater catalytic effect on the hydrogen deposi¬ 
tion than rhodium. The typical current-voltage curves obtained with 
additions of ruthenium are reproduced in Figs. 9 and 10. The shape 
of the current-voltage curves is in this case analogous to that observed 
with rhodium and iridium, viz. there were found three stages of hydro¬ 
gen deposition (C7„ C\ and C 2 ) at similar kathode potentials. 

In this case also the main part of the catalysis takes place at the 
stage C 2 . The increase of current is at this stage, especially at small 
concentrations of hydrions (e. g. 1<)~ 2 n HCl), well characterized by 
the formula 

n- — 0-058 log i + const. 

At higher concentration of hydrions this simple relationship is not 
so evident owing to the superposition of the currents of stages C x and 
C\. The increase of current at stages C x and C\ is very sluggish, so 
that in some cases the Current-voltage curve seems to correspond to a 
single electrochemical process characterized by the equation of the 
form n a log i -f const., where a is greater than 0*2. 

Such an erroneous interpretation could be given, e. g., to curves 
0-8 in the polarogram Fig. 10; indeed we find similar faulty conclu- 
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sions in several recent investigations on overpotential, especially in 
cases where only a few points of the current-voltage curves have been 
actually measured and the size of the surface not defined. 

The total current due to the hydrogen deposition catalyzed by ruthe¬ 
nium increases with the concentration of hydrions considerably in the 
range between 10~~ 8 to 10~~ 2 n HCl. 

At concentrations above 10~“ 2 n. HCl the total height of the catalytic 
current remains practically constant, in which respect ruthenium 



The current-voltage curves in solutions of n. HCl. 

Curve 1 without ruthenium salt. 

Curves 2—8 with 0*7, 1*3, 2*7, 4*0, 10 7, 21*3, 42*7 micromols of BuCl s 

per litre. 

seems to differ from other elements of the eighth group, which cause 
the catalytic current to attain its full value in a ca. 50 times greater 
concentration of hydrions (compare Figs. 2 and 5). 

Discussion of results. 

The above experimental results show that the elements investigated 
produce a considerable decrease in the overpotential of hydrogen. 
In the presence of traces of these elements at the kathode surface three 
stages of catalytic hydrogen deposition may occur, which have been 
denoted as C v C\ and C 2 . The beginning of each catalytic stage on 
the current-voltage curve is characterised by a definite value of the 
kathode potential which, for example, in normal hydrochloric acid 
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is as follows: C 1 = 0-5—0*6 v.; C\ = 0-7—0*8 v.; C % = 0*9 v., 
whereas the deposition of hydrogen at the pure dropping mercury 
kathode takes place at — 1*17 v. (from the normal calomel zero). 

The exact values of these potentials depend on the concentration 
of the catalyst and on the concentration of hydrions. Platinum and 
palladium produce only the stage C 2 , which among all the catalysts 
investigated shows the highest saturation current. 



Fig. 10'. 

The current-voltage curves in solutions of 0*01 n. HCl. 

Curve J without ruthenium salt. 

Curves 2—8 with 0*7, 1*3, 2*7, 5*3 10*7, 21*3 and 42*7 mieromols of RuCU 

per litre. 

Stages and C\ are shown perceptibly only on current-voltage 
curves obtained at considerable concentrations of the catalyst and 
of hydrions. 

The catalytic effect, measured by the height of the total current 
of all catalytic stages, strongly depends on the nature of catalyst used. 

A comparison of the catalytic effects of different catalysts in 0*01 n . 
hydrochloric acid is given in the diagram Fig. 11, where the total 
catalytic current is plotted against the concentration of the catalyst* 
(Similar diagrams were obtained for other concentrations of hydrions 
in solution.)*) 

A significant result of this comparison is that the catalytic effect of 
the elements of the eighth group is a function of their position in the 

*) We do not compute numerical values of the catalytic currents in tabular 
form, owing to the approximate nature of these measurements. 
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periodic system. In the series Ru , Rh, Pd , ruthenium is the strongest 
catalyst, palladium the weakest. 

In the series Ir, Pt, iridium has a considerably greater effect than 
platinum. Osmium seems to be an exception to this. In the series 
Os, Ir, Pt , osmium has a somewhat lower total catalytic activity 
than platinum. 

It is interesting to note that E. Muller and K. Schwabe 4 ) have 
found the reverse order in the catalytic activity of these metals 
considering the catalysis of the decomposition of formic acid. There 
palladium is the strongest catalyst. 



The dependence of the catalytic current of hydrogen deposition in 0*01 n. HOI 
on tho concentration of catalyst (gr.-equiv. x 10“ 6 ). 

Tt is noteworthy that those metals of the eighth group which absorb 
hydrogen in appreciable amounts at room temperature (i. e. palladium 
and plat mum) are the weakest catalysts in lowering the overpotential 
at the mercury kathode. 

Palladium, which has an exceptional ability to absorb hydrogen* 
shows in our case an abnormally low catalytic effect on the deposition 
of hydrogen at the mercury kathode. In order to produce a perceptible 
effect on the current-voltage curve of normal hydrochloric acid an 
addition of about 10-“* grr.-equiv. of palladium chloride is necessary 
whereas it is sufficient to add only 10~“ 7 </r.-equiv. of ruthenium 
chloride to obtain the same effect. 

The following tentative explanation is proposed for the occurrence 
of the three catalytic stages of hydrogen deposition observable in the 
presence of ruthenium, rhodium and iridium. 


35 * 
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During electrolysis these metals deposit at the dropping mercury 
kathode simultaneously with hydrogen atoms. As long as the concen¬ 
tration of the metal electrodeposited at the mercury surface is small, 
almost all atoms of the catalyst become embedded in the surface layer 
of mercury atoms so that their field of force (valency linkages) is to 
a great extent neutralized by the surrounding mercury atoms. These 
partially “bound” atoms act as catalytic centres for the formation 
of hydrogen molecules, which reaction takes place at a kathodic poten¬ 
tial not very distant from that of the hydrogen deposition at the pure 
mercury surface. This process corresponds to stage C 2 in the current- 
voltage curves. 

Now, the cohesive forces between the individual atoms of platinum 
or palladium are not so great as those of Bu, Rh and Ir, judging from 
their lower melting points in comparison with those of Bn, Rh and 
/r. Therefore, the atoms of electrodeposited platinum or palladium 
are not inclined to aggregation and may be held in the mercury 
surface even in a true solution under the formation of dilute 
amalgams. 

On the other hand the surface solutions of ruthenium, rhodium or 
iridium atoms should be more susceptible to aggregate into polyatomic 
complexes which would be more effective in the catalysis of evolution 
of hydrogen. 

Larger concentration of the catalyst in the mercury surface increases 
the probability of aggregation, the formation of which will depend 
also on time. A kathode with a slowly growing surface should, there¬ 
fore, show a different aggregation and distribution of the atoms of 
a catalyst than a kathode with a quickly growing surface. 

Now, the freshly electrodeposited atoms of the catalyst will form 
an atomic solution equally distributed over the surface. We regard these 
as responsible for the catalytic stage C 2 . With increasing concentration 
of catalyst the atoms will arrange in pairs or triplets, but still their 
field of force will remain strongly weakened by the underlying and 
surrounding mercury atoms. These particles will promote catalysis 
at stage C\. 

A further increase of the catalyst concentration will induce these 
complexes to aggregate to larger particles probably of a micro-crystal¬ 
line nature. At these particles the hydrogen overpotential should have 
the smallest value and on them the catalytic stage C x will take place. 

The three different groups of catalytic centres are illustrated by the 
sketch Fig. 12. 
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The dependence of the intensity on the kathode potential at the stage 
C 2 is in all cases where this relationship could be exactly followed 

n = — 0-058 log i + const. 

This simple relationship can be explained by the assumption that 
all non-segregated, partially bound atoms of the catalyst are in 
a uniform state. For this case the theory of overpotential developed 
by J. Heyrovsky 5 ) leads to the above formula.*) 



SOLUTION 

KATHODE 


STAGS 



SOLUTION 

KATHODE 

SOLUTION 


STAGE Ci 


KATHODE 


STAGE Ci 



O-H^-ATOMS. O - ATOMS OF THE CATALYST 
Fig. 12. 

The increase of the current at stages C x and C\ is usually not so 
regular as at the stage C 2 , but the current rises sluggishly and almost 
linearly with the increasing applied voltage. This abnormal shape of 
the current-voltage curve is ascribed to the presence of a number of 
catalytic centres having different activities. When the deposition of 
hydrogen has attained its saturation value at the most active centres, 
the reaction can proceed further (on an increase of the applied voltage) 
at other catalytic centres of a slightly lower activity. 

It has to be assumed that each type of the aggregated atoms contri¬ 
butes a certain activation energy for the formation of molecular hydro¬ 
gen and that, therefore, to each type corresponds a current-voltage 

*) The relationship between the current intensity and the kathode potential 
as well as other phenomena bearing on the theory of overpotential will be dis¬ 
cussed in a future paper by one of us. 
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curve of the shape n = — a log 10 i + b. The different types of catalytic 
centres differ mainly in the value of the constant b, whereas the 
constant a equals at room temperature, in most cases 0*058. 

Since the extent of aggregation depends on time, conditions may 
be found at the dropping mercury kathode under which one of the 
types of the aggregated particles will predominate. 

At a slowly growing surface of the kathode catalytic stage C\ is 
almost entirely absent (Fig. 7), whereas at the quickly growing kathode 
surface the catalytic stage C\ predominates over the stage C x (the latter 
appears only at a great concentration of the catalyst). Complexes 
producing the stage C\ have probably the least stability. The depend¬ 
ence of the aggregation on time manifests itself also within each group. 
Thus, at the quickly dropping mercury the shape of the current- 
voltage curves at stages C\ and G\ approaches the simple exponential 
character, indicating the predominance of the aggregated types C x and 
C\. On the other hand, at a slow rate of dropping the electrodeposited 
atoms of the catalyst have time enough to aggregate into numerous 
complexes of different catalytic activity; the individual current-voltage 
curves due to these different complexes superpose giving a current- 
voltage curve of no exponential character. 

The large increase of the limiting current of the catalyzed evolution 
of hydrogen within the 0*01 n. and 0*05 n. concentration of hy r drions 
(Figs. 2, 5) is in agreement with the deductions drawn by the present 
authors from their observations of overpotential at the pure mercury 
kathode. 3 ) There it was ascertained that the largest increase of the 
adsorption of hydrions also occurs in concentrations between 0*01 
and 0*05 n . 

At still greater concentrations of the acid the amount of hydrions 
adsorbed at the mercury kathode tends towards saturation and we 
therefore observe a limiting current of the catalyzed electro-deposition 
of hydrogen. 

Finally it should be pointed out that the totally indifferent be¬ 
haviour of the metals adjacent to the platinum group, viz. of copper, 
silver and gold, is in accord with the above explanation. 

These metals do not change the overpotential of hydrogen when 
deposited at the dropping mercury kathode from acidic solutions 
[1. c. 1 )]; the reason for this is that they exist in the mercury phase 
in a true, i. e. atomic solution and have the deposited atoms con¬ 
siderably hydrargyrated owing to their affinity for mercury. Such 
dilute amalgams cannot, of course, cause any catalytic effects accord- 
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ing to the process pictured above. Palladium, which possesses dis¬ 
tinct affinity for mercury, loses a large part of its catalytic activity 
no doubt in the same way. 


The authors thank Professor J. Heyrovsky for his interest and 
advice in this investigation. 
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Summary. 

The catalytic effect of traces of ruthenium, rhodium, palladium, 
iridium and platinum on the electro-deposition of hydrogen at the 
dropping mercury kathode has been investigated. 

The elements produce in general throe stages in the catalytic deposi¬ 
tion of hydrogen: stage C\ at —1-2 v., stage C\ at —0*9—1*05 v.; 
stage C 2 at - — 0*5—0-7 v. (from the normal calomel zero). Platinum and 
palladium show only the stage C x . The occurrence of the three stages 
of the catalytic hydrogen deposition was explained by the formation 
of three types of catalytic centres having different catalytic acti¬ 
vities. These differences are due to aggregation of atoms of the catalyst 
into polyatomic complexes at the mercury surface. 

The total effect of catalysis — measured by the sum of the limiting 
currents of all catalytic stages — depends on the position of the 
catalytically acting element in the periodic system. 

In the series Ru-Rh-Pd palladium is by far the weakest catalyst; 
platinum acts considerably less than iridium. 

The development of various catalytic stages depends on time; by 
varying the rate of dropping the catalytic effects of stages C x or C\ 
can be either intensified or suppressed. 

The limiting current of the catalytic hydrogen deposition greatly 
increases with increasing concentration of hydrions up to about 0*05 n\ 
further increase of the concentration of hydrions produces a slow 
increase of the limiting current towards a maximal value. 
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suit LA JV.PHfiNYLPIl*I$ItAZINE 
(Recherches sur les bis-[/ff-halogfooethyl]-amines III.) 

par V. PRELOG et G. J. DftlZA. 

Les derives monosubstitues a l’azote de la piperazine sont peu 
connus. La fixation des divers reactifs sur la piperazine s’effectue 
ordinairement de maniere symetrique, c’est-a-dire porte sur Tun et 
Pautre atomes d’azote. Comme exemples d’une fixation unilateral 
eitons ici les essais faits par T. S. Moore, M. Boyle et V. M. Thorn 1 ) 
en vue d’obtenir les derives monoacyl&s et autres, puis ceux de Four- 
neau 2 ) et de ses eollaborateurs qui reussirent a fixer les oxydes d’ethy- 
l&ne unilateralement a la molecule de la piperazine, et cela clans une 
reaction assez nette. Comme oxemples singuliers signalons enfin les 
derives obtenus par Godchot et Mousseron 3 ) dans Paction des 
a-chlorocetones alicycliques sur la piperazine. Par contre, on ne eonnait 
presque pas de derives simples jV-monoalcoyles ou jV-monoacyl&s. 

En consid6ration du fait que Pintroduction de groupes basiques 
ulterieurs dans la molecule d'un medicament basique modifie souvent 
d’une fagon avantageuse ses proprietes therapeutiques, nous avons 
essay6 d’&aborer une methode de preparation des piperazines ALmono- 
substituees k partir des amines primaires et de leurs derives suivant 
le schema 

XCH 2 CH 2k 

R.NH 2 + )NH X R.N( )NH 

X GH t CH/ X CHJJU/ 

Ainsi que nous l’avons montr6 ant6rieurement, 4 ) les sels de bis- 
[/5-halog6no^thyl]-amines sont ais^ment accessibles k partir de la 
diethanolamine technique. 

Au cours de notre travail nous avons etabli que dans le cas des 
amines grasses la reaction se complique par le fait que ces bases 
mettent en liberty de leurs sels les bis-[/?-halog4no6thy]]-amines. Ces 
dem&res subissent alors des transformations dont Pun de nous rendra 
compte dans une communication uit^rieure. Par contre, la reaction 
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est nette avec les amines aromatiques primaires,*) dont la basicity 
est moine prononcee. Comme produit principal de la reaction de 
raniline et de l’hydrochlorure de bis-[/5-chlor^thyl]-amine ou de l’hydro- 
bromure de bis-[^-bromo6thyl]-amine, on obtient la N -phenylpip^razine 
(I) a cote d’une moindre proportion de bis-[^-ph^nylamino4thyl]- 
amine (II): 

yCHfti^ C«H 5 NH.CH 2 CH 2k 

I. C«H 5 N( )NH ft. )NH 

N CHfiH / C\H b NH . CHfilL/ 

La JV~phenylpip6razine constitue un liquide huileux incolore, inodore, 
fortement basique qui attire l’acide oarbonique de Fair atmospherique 
en se transformant en son carbonate cristallise, blanc. Elle donne des 
sels avoc 1 equivalent d’acides halogenehydriques. Ses propriety 
physiologiques presentent un interet particulier. Comme Font montre 
des essais preliminaires,**) elle exerce, meme en faibles doses, une 
action fort £nergique sur Forganisme. En effet, elle accelere le pouls 
et la respiration, provoque une hypersensibilite a Fexcitation ext6- 
rieure, et k la dose de 0*1 gr/l kg (lors de Fapplication sous-cutanee chez 
le lapin) elle determine meme la mort. Sous ce rapport la iV-phenyl- 
piperazine differe done essentiellement de la piperazine ot de lai\T-iV r/ - 
diphenylpiperazine qui constituent des corps assez indifferents au 
point de vue physiologique. Pour les propriety physiologiques des 
piperazines iY-monosubstituees nous renvoyons a un memoire ult6- 
rieur. 

L’acylation de la N -phenylpiperazine respectivement par les chlorures 
d’acetyle et do benzoyle au sein d’un dissolvant anhydre nous a foumi 
les hydrochlorures de la A 7 -acetyl- ou AT-benzoyl-iY-phenylpiperazine 
avec unrendement presque quantitatif. De ces sels Falcali met ais^ment 
en liberte les bases libres. Le chlorure ^-tolufenesulfonique en presence 
d’alcali nous a donne la iY-p-toluenesulfo-iV T -phenylpiperazineen beaux 
cristaux. 

En sa qualitc d’arnine aromatique tertiaire la A^-phenylpip^razine 
se laisse ais6ment copuler avec les sels diazonium. Nous avons pr6par6 
ainsi le 4'-nitro-4-piperazyl-azobenzene et le 4-pip6razylazobenzfene- 
4'-sulfonate de sodium. 

L’extension de la .reaction de la bis-^-halog^no^thylJ-amine k 
d’autres amines, et Fapplication des corps ainsi obtenus feront Fobjet 
d’une prochaine publication. 

*) La reaction fait Fobjet de la deman de de brevet tch4coslovaque No 6.777-38. 

**) Nous devons ces essais k Famabilit4 de M. J. Kosicky. 



499 


Partie experimental©. 

i^-Phenyl piperazine. 

40 gr de chlorhydrate de bis-[/9-chloroethyl]-amine dissous dans 140^r 
de m6thanol ont 6te chauffes, au bain-marie et a reflux, pendant 16 
heures avec 40 gr d’aniline. Apres refroidissement, le produit s’est 
separe en eristaux qu’on a purifie par une cristallisation dans le 
methanol. Les ©aux meres ont fourni une portion ulterieure de produit 
cristallise. Le rendement total etait de 21 gr. Du sel, la base huileuse 
a ete liberee par le proeede habituel, puis repris dans Tether etsoumise 
au fractionnement sous pression reduite. A cote d’une proportion peu 
considerable de produit de tete et de produit de queue la A r phenyl- 
piperazine pure distillait entre 162 et 164° sous 22 ram de mercure, 
avec un rendement de 12 gr. Lors d’une nouvelle distillation le corps 
bouillait a 156° sous 6 mm de mercure (temperature du bain: 190°). 
La nouvelle base constitue un liquide liuileux, ineolore et inodore, non 
miscible k Teau. Poids sptkufique — 1-0725. Indices de refraction 
a 16-8° 


n a — 1*58443 

- 1-50053 — 

- 1*60665 

1 

-62135 


a 

D 

ft 

r 

[f - - a 

y — a 

M calcule 

49*76 

50*12 

50-96 

51*65 

1*200 

1*875 

M trouve 

50*71 

51*14 

52-26 

53*28 

1*558 

2*576 

EM 

f 0*95 

+ 1*02 

-f 1-30 

+ 1*63 

+■ 0*358 

f 0*701 

2M 

+ 0*58 

+ 0*63 

+ 0-80 

+ 1*01 

+ 30% 

4- 37% 

Analyse: 








Substance: 161*4 mgr; C0 2 439*7 mgr , H/J 127*7 mgr. 

5*068 mgr; N 2 0*763 com (17°, 732 mm). 

C l0 H u N 2 (162*0): Calcule C 74*07%, H 8*64%, N 17*28%. 

Trouve C 74*32%, H 8*80%, N 17*11%. 

Les eaux meres apres Thydrochlorure de A-phenylpiperazine ont etc 
evaporees k sec, la base en a 6t6 lib6r^e conime ci-dessus, puis 
fractionncSe dans le vide. A cote de Taniline inalteree et de 3*5 gr 
de phenylpip&razine on a pu isoler 8*8 gr d’un corps huileux, jaunatre, 
distillant entre 271 et 272° sous 22 mm de mercure (bis-|j8-ph&iyl- 
aminoethy 1] -amine). 

De mdme qu’avec Thydrochlorure de bis-[^-chloro6thyl]-a.mine Tani¬ 
line r4agit avec Thydrobromure de bis - [/3-bromom6thyl ]-amine, meme 
beaucoup plus rapidement. En employant, pour enlever l’acide brom- 
hydrique, le carbonate de sodium anhydre au lieu de Texc&s d’ani- 
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line, nous avons obtenu la iV-ph£nylpip4razine avec un rendement 
atteignant presque 90%. 

Hydrochlorure: On l’obtient le mieux en employant 1 molecule 
d’aeide chlorhydrique en solution aleoolique. Reeristallise dans l’alcool 
absolu il se separe en minces prismes allonges, fondant constamment 
4 247° avec decomposition (p. de f. non corrige). 

Le sel a ete analyse apres dessiccation sur H 2 S0 4 . 

Substance: 6-337 mgr; N 2 0*775 ccm (13*5°, 747 mm). 

C 10 H n N 2 Cl (197-44): Calcuie N 14-19%. 

Trouve N 14-3%. 

Hydrobromure: Nous l'avons prepare par cristallisation du produit ob¬ 
tenu lors de la condensation de Fhydrobromure de bis-f/J-bromoethyl]- 
amine avec F aniline. Point de fusion 250—252° (apres cristallisation 
dans Falcon]). Pour Fanalyse, le sel a ete seche 4 110° dans le vide. 

Substance: 163 mgr; AgBr 127-1 mgr. 

^ 10 ^ 15 ^ 2 ^ (243-9): Calcuie Br 32-76%. 

Trouve Br 33-1 %. 

jV'-ac6tyl-jV-phenylpiperazine. 

On melange une solution etheree ou benzenique dW-phenylpipera- 
zine avec une solution de chlorure d’acetyle. On voit se separer imme- 
diatement un precipite blanc. Apr4s un court repos, le produit est 
essore, puis transform© en base libre par action d’alcali. Cette derniere 
se prend aussitot en cristaux et fond, apr4s une recristallisation dans 
un melange de benzene et d’ether de petrole, 4 temperature constante 
de 96°. Elle est en baguettes blanches, tres solubles dans Feau et les 
autres solvants courants sauf Fether de petrole. Elle a ete analyse© 
apres dessiccation dans le vide. 

Substance: 4-736 mgr; N 2 0-562 ccm (20°, 747 mm). 

C l2 H l6 ON 2 (204-0): Calcuie N 13-72%. 

Trouve N 13*6%. 

Uhydrochlorure a etc obtenu 4 Fetat pur en recristallisant le preci¬ 
pite forme par acetylation en solution dans Falcool absolu. Une seule 
cristallisation a suffi pour Famener au point de fusion constant de 
213—214°. II a ete analyse apr&s dessiccation dans le vide sulfurique. 

Substance: 5-395 mgr; N 2 0-559 ccm (18°, 728 mm). 

C l2 H t7 ON 2 Cl (240-44): Calcuie N 11-65%. 

Trouve N 11-65%, 
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JV'-Benzoyl-A-phenylpi perazine. 

Sa preparation est analogue a celle du derive acetyie. Apres recris- 
tallisation dans un melange de benzene et dither de petrole, la base 
libre fond de 96 k 97°. Son analyse se rapporte a la matiere dessech^e 
dans le vide sulfurique: 

Substance: 6*725 mgr; N 2 0*644 can (21°, 735 mm). 

C 17 H 1h ON 2 (266*0): Calculi N 10*52%. 

Trouve N 10*76%. 

L ’hydrochlorure fond k 244° apres crista!lisation dans Talcool methy- 
lique. 

Substance (sechee dans le vide sulfurique): 

5*461 mgr; N 2 0*466 ccm (21°, 731 mm). 

C l7 H n ON 2 Cl (302*44): Calcule N 9*25%. 

Trouve N 9*51%. 

A'-p-Toluene-su If o-A T -phenyl piperazine. 

La A-phtfnylpiperazine a ete agitee pendant quelques houresavecun 
exces de chlorure p-toluenesulfonique et une lessive de soude a 20%. 
Le produit cristallin a recristallis^ dans l’alcool d’ou il se separe 
on longues aiguilles fusibles entre 199et 200° (non corr.). L’analyse a ete 
faite sur un produit seche dans le vide. 

Substance: 6*137 mgr; N 2 0*496 ccm (23°. 736 mm). 

C 17 H i0 O 2 N 2 8 (316*05): Calculi N 8*86%. 

Trouve N 9*04%. 

4'-Nitro-4-piperazyl-azobenzene. 

IJne solution de chlorure de p-nitrobenzenediazonium preparce de 
la maniere habituelle a etc versee dans uno solution de 1*62 gr dW- 
phenylpiperazine dans 10 cc d’eau et 0*7 gr d’aeidc acetique anhydre, 
additionn^e de 4 gr d’acetate de sodium. Le precipite brun rouge 
a et6 lav6, puis cristallise dans l’acide acetique anhydre d’ou il se 
depose k l’^tat de diac6tate brun rouge. Le point de decomposition est 
situe vers 250°. 

Analyse du corps s6ch6 dans le vide au-dessus de potassecaustique: 

Substance: 6*765 mgr; N 2 0*978 ccm (16°, 730 mm). 

^20^25^(431*0): Calculi N 16*21%. 

Trouve N 16*39%. 



602 


La base libre est brune, trfes peu soluble dans les divers solvants; 
dans les acides min^raux pas trop etendus elle se dissout avec une 
couleur rouge cramoisi. 

4-Pip6razyl-azobenzene-4'-sulfonate de sodium. 

II a et6 prepare en copulant le p-diazosulfonate de sodium avec une 
solution de iV-ph&iyl-pip^razine dans Pacide antique dilu6. Le colo¬ 
rant orange clair a 6te reoristallise dans Palcool dilu6. II forme alors 
de belles ecailles qui se decomposent vers 210°. 

Analyse du corps seche a 110° dans le vide: 

Substance: 5-908 mgr; N 2 0-794 ccm (19°, 739 mm). 

C 19 H 17 0 3 N A 8Na (368-0): Calculi N 15-21%. 

Trouv<$ N 15-07%. 

Bi s-[/?-phenyl am inoethyl]-amine. 

La base huileuse distillant entre 268 et 276° sous 22 mm, et obtenue 
comme produit secondaire dans la preparation de VN -phenylpiperazine, 
a 6te transform^© par une petite quantite decide chlorhydrique en son 
hydrochlorure. Ce dernier a ete purifie par trois cristallisations dans 
Palcool. II formait des Ecailles faiblement colorees, fusibles a 237° (non 
corr.)qu’on a soumises al’analyse apres dessiccationa 110°dans le vide. 
Sa composition etait alors celle d’un monohydrochlorure de bis- 
[/^ph6nyl-aminoethyl]-amine. 

Substance: 102*7 mgr; AgCl 51-1 mgr. 

6-074 mgr; N 2 0-770 ccm ( 19°, 737 mm). 

C^H^N^Cl (292-44): Calcule Cl 12-12%, N 14*42%. 

Trou Cl 12*30%, N 14-36%. 

Laboratoire de la maison 
0 . J. Dfiza Prague-HoleSovicc 
(TcMcoslovaquie ). 
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LA TBIBOLUMINESCENCE DES HALOGENUKES MEltCUREUX 

par J. H. KftEPELKA et I>. E. NOVOTNA.*) 

En raison de leur caractere et de leur duree les phenomenes de 
scintillation provoques par action exterieure sur les halog&iures 
mercureux purs et secs ont ete ranges parmi les phenomenes de 
triboluminescence (voir Collection V, n os 9 et 10, 1933). Pour com¬ 
pleter l’etude qualitative de cet interessant phenomene, qui est en 
rapport etroit avec le haut degre de purete de ces sels, nous avons 
poursuivi nos observations sur des substances ultra-pnres et ultra* 
seches surtout en vue de determiner Finfluence de la dispersion, 
des traces d’humidite et d’autres facteurs variables sur la tri- 
boluminiscence provoqu6e. 

1. Influence du dexjre de division on de la forme cristalline. — Le 
ehlorure et le bromure mercuriques sont des poudres amorphes tres 
finement divisees. Aussi leur scintillation est-elle la plus intense de 
toutes. Lors du broyage en capsule d’agate les phenomenes de scin¬ 
tillation sont en somme tres faibles, l’effet du broyage est presque 
nul. II est vrai que, sous l’influence de Fhuraidite, Fintensite subit 
une legere diminution, mais la dessiccation repetee flnit par la ra- 
mener & la valeur initiale. Les produits macrocristallins obtenus par 
sublimation soignee dans une atmosphere inerte presentent une intensity 
de scintillation essentiellement plus faible comparativement aux pro¬ 
duits amorphes, le phenomena est toutefois dune duree assez longue, 
de sorte qu’il fait l’impression d’une scintillation continue , permanente. 
Pendant le broyage de ces cristaux il ne se produit aucune augmen¬ 
tation de Fintensite. Le phenomene est tres faible, meme plus faible 
que lors du broyage des produits obtenus par precipitation. Une aug¬ 
mentation perceptible de la scintillation n’apu etre obtenue qu’avec les 
produitscristallis^s, sublimes, qu’on a broyes in^caniquement d’une raa* 
nifere trfes parfaite, c’est-&-dire rdduits en fine poudre. L’observation a 6t6 
x r£pet6e, d’une part, sur le ehlorure mercurique sublime qui avait 6te 

*) M&noire pr&sent£ & la Ceaka Akademie v5d a iim&ni (Academic tcheque 
des Sciences et des Arts) le 10 novembre 1932. 
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primitivement prepare par precipitation, d J autre part, sur le oalomel 
naturel (mineral) qui k l’etat cristallise naturel present© une scintillation 
tres faible mais qui augmente considerablement apres broyage soigne. 

Quant au chlorure mercurique, l’etude en etait moins aise©, parce 
qu’il est fort difficile d’en obtenir des preparations amorphes. Nean- 
moins nous avons reussi, par evaporation lente d’une solution chlor- 
hydrique d’oxyde de raercure obtenu par precipitation, k preparer un 
produit k grain tres fin et qui offrait une scintillation plus intense 
que cell© du produit macrocristallin, mais de dure© plus courte. De 
mcme, le bromure mercurique, cristallise dans Feau chaude sous forme 
de grands feuillets brillants, montre au debut, pendant que ses 
cristaux sont orientes les uns aux autres de maniere egale en 
couches regulieres, une scintillation tres faible, mais qui s’accroit 
par le broyage et la destruction des couches. La production d'une 
scintillation continue lors du melange des produits cristallises (en merae 
temps parfaitement secs) }>eut etre aisement expliquee en admettant 
que les cristaux gros, bien developpes, ne peuvent pas adherer a la 
baguette d’agitation aussi bien que les particules minuscules du 
produit amorphe. Pour cette raison la scintillation dure aussi longtemps 
qu’il ne se forme, par frottement mutuel, de fins fragments qui enve- 
loppent la baguette et empechent toute scintillation ulterieure. 

Des observations qu'on vient de decrire, il ressort que la dispersite 
globale de la substance constitue un facteur important, exergant une 
influence marquee sur la scintillation des sels mercuriques. L’intensiU 
de Ui scintillation s’accroit avec le degre de dispersion. 

2. Uinfluence de Vhumidite est tres considerable et decisive. — Les 
produits humides, insuffisamment seclies apres precipitation, ne pre¬ 
sented aucune „8cintillation“. Les produits conserves peu de temps (de 
24 k 48heures) au dessiccateur montrent une scintillation moyenne qui 
devient considerable apres 10—15 jour&. Au contraire, si un produit 
bien desseche est abandonne, pendant un temps pas trop long (24 jusqu’4 
72heures), a Fair (protege seulement contre la souillure mecanique), on 
n’observe aucune variation de Fintensite. Cette derniere ne diminue 
qu’apres un temps tres prolonge et ne disparait d’ailleurs jamais comple- 
tement. La chose est en somme naturelle, car le calomel pur et sec n’est 
pas pratiquement hygrosoopique. Cela est atteste en outre par la circons- 
tance que la fluorescence en lumiere ultraviolette n’est pas non plus 
influence© par l’humidite. En effet, si l’on considere la fluorescence 
comme un phenomene moieculaire ou un phenomene chimique (photo- 
chimique), on ne saurait lors de la suspension dans Feau (le chlorure 
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mercuriqu© est pratiquement insoluble et, d’autre part, l’eau n’absorbe 
presque pas les radiations visibles) parler d’une influence sur la consti¬ 
tution interne du corps insoluble ou sur Fintensite de la radiation inci¬ 
dent© qui pourrait determiner la scintillation ou la fluorescence. II 
n’en rest© pas moins etabli que dans certains cas ou Ton peut s’attendre 
k une influence chimique, la luminescence depend aussi do Fhumidite. 
Cela ressort du travail d’E. Ewles qui porte,ilest vrai, principalement 
sur des composes solubles. 

La scintillation la plus intense a ete observe sur les produits sechos 
k temperature eievee (vers 110°) pendant 24 heures. A cette tempe¬ 
rature une sublimation visible du chlorure mercurique n’a pas encore 
lieu, gr&ce k quoi le produit conserve les proprietes d’un corps amorphe, 
c'est-a-dire tres divise. Un produit ultra-sec, sublime dans un courant 
de gaz carbonique parfaitement desseclie et conserve en tube scelle, 
presente au contact de Fair une ,,scintillation" continue tres conside¬ 
rable, et cela aussi longtemps qu’on l’agite. Toutefois, avec un tel pro¬ 
duit on n’obtient jamais le maximum de scintillation, car la grosseur 
des cristaux la diminue; le broyage mecanique a Fair diminue la siccite 
dans une telle mesure que non seulement Fintensite de la scintillation 
ne s’accrolt pas, mais qu elle s’abaisse au contraire. 

La sensibility vis-a-vis de Fhumidite est extraordinairement grande. 
On peut Fobserverlemieux en etudiant Faction des temperatures extre- 
mement basses oil il suffit d’une quantity insigniflante de vapeurs deau 
condensees pour fair© completement disparaitre la scintillation. 

3. Influence des corps strangers et des impuretds. — Les essais faits 
avec les halogenures de mercure purs ont montre que Fintensite de 
la scintillation depend dans une mesure considerable de leur purete 
relative. Ce sont notamment les corps organiques dont la presence, 
m^me en proportion tres faible, determinent une chute considerable 
de Fintensite. Un creuset insuffisamment nettoye ou les poussieres 
provenant de 1’atmosphere peuvent eventuellement determiner une 
suppression complete de la scintillation. L’excoption est faite, comme 
on le congoit bien, par le mercure metallique et les produits reactionnels 
formas dans la decomposition de la substance sous Faction de F6nergie 
radiant©. Les autres composes de mercure se eomportent eux aussi 
de mani&re indifferente en somme, et la diminution de Fintensite en 
leur presence n’est pas trop frappante. Il en est autrement pour les com¬ 
poses des elements etrangers. D’une maniere plus approfondie cette 
connexion a ete observe© principalement sur les melanges intimes du 
chlorure mercureux et du chlorure d’argent. Les deux corps, chimique- 
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ment tr&s apparentes, de propridtes physiques analogues, ont pu etre 
prepares dans des conditions analogues, ce qui fait que le rdsultat 
de leur dtude est assez caractdristique. Rappelons de nouveau que le 
chlorure d’argent pur ne prdsente pas le phdnomene de la scintillation. 
Le melange a etc prepare en precipitant, a l’obscuritd, une solution 
acidulde (par HNO z ) d’azotate mercureux et d’azotate d’argent (en 
proportions variables) par une solution de chlorure de potassium, apres 
quoi le preeipite a etd recueilli dans un creuset de verre, puis sechd 
]>endant 24 heures vers 110°. En tout, on a prdpard une douzaine 
de ces produits dont le premier renfermait du chlorure d'argent pur, 
tandis que chez les autres la proportion de chlorure mercureux allait 
en augmentant jusqu’a ce que le dernier des precipitds (produits no 11) 



ne renfermat plus d’argent du tout (voir le tableau). Pour que les 
differences d’intensite pussent etre aisement compares, on a prepard, 
dans tous les cas, simultanement et dans un creuset semblable, un 
poids de chlorure mercureux egal & celui du mdlange. La mesure a 
etc effect uee simultanement sur l’un et Tautre produits. 


I 

Hgfil z on gr 
0-7552 

AgCl en gr 
4-6400 

% dp Hgfih 
13-92 

% do AgCl 
86-08 

2 

0-8991 

2-7740 

24-48 

75-52 

3 

0-8991 

1-1110 

44-73 

55-27 

4 

0-8991 

0-5554 

66-38 

33-62 

0 

0-8991 

0-2277 

79-81 

20-19 

0 

1-7982 

0-2222 

89-03 

10-97 

7 

l-7$82 

0-1401 

92-77 

7-23 

8 

4-4955 

0-1410 

96-96 

3-04 

9 

4-4955 

0-0705 

98-46 

1-54 

10 

4-4955 

0-0235 

99-47 

0-53 

11 

4-4955 

0-0000 

100-00 

0-00 
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L’experience a montre que jusqu’4 l’essai 4 (voir la representation 
graphique) la scintillation n’a pas apparue. (Je nest qu’au delk d’une 
teneur an chlorure mercureux superieure a 50% (essai no 4) qu’il a 
etc possible d’observer une scintillation, il est vrai extremement faible 
et perceptible seulement apres une parfaite accommodation de Fceil dans 
Fobscurite. Une scintillation nette et durable n’a pu etre observee qu’a 
partir de Fessai no 6, oh le melange renfermait deja 89-03% de chlorure 
mercureux. D&s maintenant l’intensit^ augrnente continuellement. 
Toutefois, la valeur normale, c’est-&-dire celle du chlorure mercureux pur 
pris corame terme de comparaison n'a pu etre atteinte, meme pas avec* 
le produit no 10 oh la teneur en chlorure d’argent avait et6 rabaissee 
a 0*53%. 11 est interessant a remarquer que cette grande sensibilite 
vis-a-vis du chlorure d’argent apparait seulement dans le cas oh le 
melange est absolument homogene, c'est-a-dire ou il a et 6 prepare 
par precipitation d’un melange des deux azotates. Pour les melanges 
mecaniques, obtenus par simple melange des chlorures tout faits, 
la sensibilite est peu considerable, au contraire, ainsi qu’on Fexpliquera 
plus bas, la scintillation est bien nette meme pour des teneurs en 
mercure assez faibles. 

D'autres essais concernaient la presence des composes de quelques 
m£taux lourds, dont les traces influent essentiellement sur la phospho¬ 
rescence des terres dites alcalines. 

Au calomel pur on ajoutait ainsi du chlorure de baryum ( BaCl 2 .2H 2 0 , 
environ 0-5%), de l’azotate de manganese (Afn(iV0 3 ) 2 .6 H 2 0) et du 
bioxyde de manganese ( Mn0 2 ). Inexperience a montre que ces corps 
n’ont pas d’action analogue sur le ph^nomene de scintillation, et que, 
au contraire, ils en rabaissent dans une faible mesure l’intensite, de 
meme que cela a lieu avec d’autres impuretes. 

Il ressort des essais cites que la presence de corps etr angers, qu'ils 
soient chimiquement apparent^ ou non, a pour effet de rabaisser la 
scintillation des haloginwres mercureux pu,rs. 

4. Influence de la temperature. — Parmi tous les facteurs faisant 
varier l’intensite de la scintillation, la temperature est celui qui se 
manifeste avec le plus d’^vidence. Ce fait suffit k lui-meme pour 
prouver qu’on est en presence d’un phenomene de triboluminescence 
et non pas d’&ectroluminescence, car, si l’on juge par analogie, on 
ne connait pas de phenomenes d’electroluminescence qui soient si 
sensibles a la temperature, tandis que, au contraire, on sait fort 
bien que tous les phenomenes de triboluminescence et de cristallo- 
luminescenoe varient essentiellement avec la temperature. 
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Nos mesures comprenaient des limites de temperature assez larges, 
allant de — 195° k + 200°; les temperatures plus basses encore n’ont 
pas ete etudiees en raison des grosses difficultes experimentales; d’autre 
part, les mesures aux temperatures superieures seraient denu6es de 
sens, parce que les corps pris en consideration possedent tous une 
tension de vapeur si considerable qu’ils se subliment rapidement. 
Le dispositif employe pour les temperatures comprises entre 0° et + 30° 
se trouve represente dans la figure 3. 



Le produit examine, pur et desseche .au prealable, a ete introduit 
dans un creuset de verre k parois lisses et a rebords larges et suspendu 
dans un triangle de verre reposant sur les bords d’un vase Dewar 
argente en forme d’une coupe peu profonde. Le vase etait rempli 
d’un melange refrigerant approprie. Immediatement avant l’experience, 
la substance k examiner a 6te sechee pendant 24 heures de 108 k 110°. 
Pour eviter toute difference de temperature entre le bain et la substance, 
les mesures n’ont ete commencees que 15 minutes apres la mise en 
contact du creuset avec le bain. 

Aux temperatures plus eievees, nous nous servions des deux 
appareils representes dans les figures 4 et 5. Le premier etait muni 
d’un bain d’liuile, le second, d’un bain de mercure. Ce dernier a ete 
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utilise principalement pour determiner la temperature d’extinction. 
Le vase de verre exterieur (a dans la figure 4), place sur une toile 
metallique, etait rempli d’huile de colza. Au moyen d’un anneau (e) 
on y avait suspendu un vase de verre brun (b) au fond duquel on a 
fixe, au moyen d’un petit support (<$), le creuset de verre (t) renfermant 
la substance etudiee. Les petits anneaux (k) et (6) empechaient le 
mouvement du creuset pendant l’agitation de la substance. Le vase 



(6) etait ferme, sauf une petite ouverture au-dessus du creuset, par une 
lamelle et serre au moyen d’un anneau metallique ( h ); dams le bain 
d’huile etait suspendu un thermometre (£'). 

L’appareil k mercure (fig. 5) consistait en un creuset de fer ( z) 
rempli de mercure; un anneau (h) y maintenait un recipient en verre 
(g) et un thermometre (t). La substance etudiee se trouvait au fond 
de ce vase de verre. 

En ce qui concerne la temperature de fair liquide, elle n a pas 
ete mesuree; aux temperatures basses, allant jusqu’4 — 80°, elle a ete 
determinee k l’aide d’un thermometre a toluene, et k partir d’ici 
jusqu’k + 240° au moyen d’un thermometre k mercure. La determination 
exacte de la temperature de naissance de la scintillation a ete operee 
k l’aide d’un thermometre k division tres fine et compare avec un 
thermometre normal k hydrogene. 
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Dans le domaine des basses temperatures les essais suivants ont 
ete faits: — 195° (bain d’air liquide pur), — 185° (m&me bain), de 

— 72 a — 75° (C0 2 solide + 6ther ethylique), — 69° (C0 2 solide), 

— 18° (glace + chlorure de calcium), — 12° (merne bain), — 8° (glace 
4- chlorure d’ammonium), — 4° (huile de colza refroidie), 0° (glace, 
huile de colza refroidie). 

Dans toutes ces experiences, plusieurs fois repetees, le chlorure 
mercureux na jamais donne de scintillation . Dans des cas extremement 



rares, le rebord du creuset saillissant du bain, done insuffisamment 
refroidi, emettait une faible radiation. 

Pour plus de surete la scintillation a ete observ£e aussi a la 
temperature ordinaire. 

L’intensite initiale reapparut toujours apres rechauffement. 

Une autre serie d’essais portent sur le domaine de temperatures 
allant de 0° k + 30°. Afin de pouvoir poursuivre d’une maniere 
approfondie le comportement des divers corps, chacun d’eux a ete 
etudie separement. ,Voici comment nous procedions: Le bain d’huile 
et le vase ont ete refroidis lentement, dans une glacifere, jusqu’& — 4°, 
puis on a introduit le creuset, apres quoi on a effectue les mesures k des 
intervalles courts (de 15 k 20 minutes) pendant lesquels la temperature 
s’eievait de 1 jusqu’it 2 degres. Lors des essais prealables faits avec 
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le chlorure mercureux on a constate que la scintillation apparait 
bruaquement entre + 10 et -f 13°, et que son intensite est, il est 
vrai, faible au debut, mais que deja vers 16° ou 18° elle atteint la 
valeur normale qui ne varie plus essentiellement meme si la tem¬ 
perature continue k monter. 

Pour cette raison, dans les essais prealables ayant pour but de 
limiter au minimum le domaine de temperature auquel la scintillation 
fait son apparition, la mesure exacte de la temperature a et<5 faite 
de la maniere suivante: Le bain a ete amene a une temperature de 
8 jusqu’a 10° inferieure, puis on a agite avec une baguette, dans 
Fobscurite complete, jusqu’a ce que la premiere scintillation apparut 
trois fois de suite, apres quoi on a procede a la lecture de la tem¬ 
perature. Cette mesure a etc effectuee, separement et trois fois de 
suite, pour chaque substance. Chez le chlorure mercureux l’obser- 
vation a ete faite pour les temperatures suivantes: - 0*8. )- 2*0, 

4 2 0, + 3*1, +4-0, +5-8, f (54, 4 6*5, + 8-1, 4 8-2 + 10*0, 
+ 10-3, +U>*5, +100, +10-7, +10*8, +11-2, 4-12 0, 4 12-8. 

4- 13-2, + 14-3, 4 14-5, + 14*6, 4 15-5, + 10-0, + 17-5, 4- 17-6, 

+ 17-8, +17-9, +18-2, + 18*3° C. 

En continuant sans interruption la mesure exacte des temperatures 
a partir de + 2° les valeurs suivantes out ete trouvees: + 10-7°, 
4- 10*6, f- 10*7°. 

D’urie fag on analogue, les mesures suivantes ont etc 1‘aites avec le 
bromure mercureux: -0-7, |- 9*0, 4-9*3, 4 11*2, 4 11*3, 4-11*5, 

+ 11*9, +12*2, + 12*6, +12*8. 4 13*4, +13*8. f 14*9, f 15*5, 
+ 16*0, + 17*2, + 17*8, -4 18*2° C. 

La mesure exacte a conduit aux valours que voiei: + 12*8°, + 12*8°, 
+ 12*8°. 

On a procede de rneme pour Fiodure mercureux. La premiere obser¬ 
vation a ete faite a partir de — 1*5°. La scintillation apparait ici vers 
+ 18° (les valeurs mesurees varient entre 4- 17*7° et 19*0°). La precision 
est moindre en ce eas-la, car meme k la temperature normale (20—21°) 
la scintillation n’est que faible en somme. 

Chez 1© chlorure mercurique, les mesures faites: + 3*0, + 8*2, + 10*9, 
+ 11*5, +11*6, + 11*8, 4-12*5, +12*9, +13*0, 4 13*8, 4-14*3, 
+ 14*4, + 15*2° C, ont doling des valeurs exactes suivantes: +11*6, 
+ 11*8, + 11*5° C. 

Le bromure mercurique pur a commence a emettre des radiations 
k + 4*4°; il a ete observe aux temperatures suivantes: — 0*4, + 1*5, 
+ 3*1, +4*4, +8*3, +11*2, +12*2, + 13*9° C. 
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Les valeurs observes dans ces essais montrent que lors du refroidisse- 
ment a Fair d’humidity normal© les halog^nures du mercure monovalent 
et oeux du mercure bivalent souilles d’halogenures mercureux ne 
pr^sentent la triboluminescence qu’au-dessus d’une temperature de 
naissance deterrninee, caracteristique de ohaque substance. 



Fig. 6. 


En meme temps, on a constate que les produits sont tres sensibles 
a Phumidite (voir plus haut). Cela perrnet d’expliquer pourquoi les 
temperatures atteintes ne sont pas les memes pour toutes les substances. 

Sans doute la tension de vapeur ne diminue pas dans la meme mesure 
pour toutes, de sorte que la proportion d’eau emprunt6e a l’atmosphfere 
ambiante n’est pas la meme. On peut d’ailleurs admettre que Pin^- 
gality des chaleurs sp6cifiques et de la conductivity thermique entrent, 
elles aussi, en ligne de compte. La vitesse de refroidissement, ainsi 
qu’il a pu etre constate, n’exerce aucune influence essentielle, de 
sort© que Phypoth^se qu’il s’agit ici d’un passage a un autre etat 
allotropique, serait ddnuee de sens. 

Ces resultats nous ont naturellement incite a une etude ult6rieure 
de Pinfluence exerc^e par la chaleur en milieu parfaitement sec. Ici 
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les choses seront essentiellement differentes, comme Fa montre d’abord 
une experience faite avec les corps amenes au dessiccateur , lentement 
jusqu’i — 4°. Ces corps presentaient le phenombne de scintillation, 
k un degre considerable, peu de temps apres la sortie du bain refrigerant 
nidme aux temperatures au-dessous de 0°, done fort differentes de 
celles oil nait la scintillation. Ces nouvelles mesures ont ete faites 
dans un dispositif special permettant d’exciter la substance etu- 
diee en milieu parfaitement sec. L’appareil (voir la figure G) se com- 
posait d’un tube k essai large et k parois epaisses, partiellement rempli 
de billes de verre et, jusqu’& la moitie, d'acide sulfurique dans lequel 
plongeait un tube a essai plus petit fixe au moyen d’un anneau. Le 
vase exterieur etait ferme a l’aide d’un tube de caoutchouc et d’un 
bouchon. Par ce dernier passait un thermometre k mercure et un 
tube de verre prolong^ en un tube de caoutchouc termine par un 
bouchon de caoutchouc. 

A travers ce dernier, une baguette d’agitation descendait jusqu’au 
fond du recipient interieur oil se trouvait la substance etudiee. 
L’appareil plongeait dans un vase de Dewar profond, muni d’un me¬ 
lange refrigerant. 

Les r^sultats obtenus en emplyant ce dispositif ne sont toutefois 
pas assez convaincants pour qu’on puisse en deduire la variation de 
l’intensite de scintillation, en milieu parfaitement sec, au-dessous 
de zero. La difficult© consistait principalement en ce qu’il etait impos¬ 
sible de debarrasser, apres chaque agitation, la baguette des particules 
qui y adheraient. L’eau hygroscopique, elle aussi, entrait certaine- 
ment, en jeu. Tout ce qu’on a pu etablir avec certitude, cest qu’au- 
dessous de - 4° la scintillation se produit encore, et il est vraisemblable 
qu’on pourrait la constater meme k des temperateurs inferieures. 

Enfin, nous avons effectue des mesures relatives k l’influence des 
temperatures ^levies sur la scintillation des halogenures de mercure. 
Y T oici la serie de temperatures mesurees, pour le chlorure mercureux, 
successivement au moyen d’un appareil k huile et d’un appareil a 
tnercurei — f- 21, -f- 22, -f* 2b, -j- 80, -f - 92, -j- 100, 121, -j- 138 jusqu a 

140, + 145, + 155, + 175 jusqu'& 180, + 200 jusqu’a 205, | 220, 
+ 240, + 280, + 300° C. 

Les mesures ont ete faites de maniere a etablir Fintensite de scintilla¬ 
tion d’abord k la temperature ordinaire, apres quoi on chauffait 
le bain lentement (pour que les temperatures aient le temps de s ega- 
liser parfaitement) jusqu’4 ce qu’on fut arrive au point choisi pour 
la mesure. fitant donne que les mesures etaient operees k Fobscurite et 
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apres 7 minutes d'accommodation de Feed, on etablissait toujours 
d’avance quelle est la baisse de temperature lors de l’interruption 
du chauffage, et on operait un contrdle supplementaire par une lecture 
au thermometre a la lumiere ordinaire. Pour les temperatures trfes 
elev4es on reduisait la dur£e d’accommodation k 5 minutes. 

Les divers domaines de temperature ont d’abord ete observes 
a part. Apres des essais plusieurs fois repetes on a etabli que dans les 
limites allant de + 20° a 100° Vintensity de la radiation observee ne 
subit aucune variation essentielle, c’est-a-dire qu’elle ne diminue certaine - 
ment pas; elle augmente plutot, quoique faiblement . Mats a partir d’ici 
Vintensity s’abaisse successivement , lentement au ddbut , rapidement plus 
lard , de sorts qu'au-dessus de 200 0 elle finit par disparattre . La temperature 



dedisparition a ete determine alors de la fa?on suivante: La substance 
a ete portee jusqu’& 300°, apr£s quoi elle a ete observee, a Fobseurite, 
jusqu’a apparition de la premiere scintillation. Voici les valeurs trouvees 
pour le chlorure mercureux: + 205°, + 200°, + 200°, -f 185°. Lorsque 
la temperature devcnait normale, l’intensite initiale reapparaissait. 

On a opere de la merae maniere pour le bromure mercureux, le 
ohlorure et le bromure mercuriques, Fiodure mercureux. Voiqi pour 
le bromure mercureux les temperatures limites de scintillation: + 142°, 
+ 190, + 205°. Dans ces essais, le rechauffage prealable avait ete 
pousse jusqu’4 + 300°. Des essais faits avec le sublime corrosif ont 
donne les ehiffres suivants: -f 190°, + 203°, + 200°, ceux relatifs au 
bromure mercurique etaient: + 200°, + 190°. Avec Fiodure mercureux 
(forme jaune) on n’a pu obtenir de resultats exacts pare© qu’il a ete 
impossible de preparer une quantite un peu importante de substance 
pure et seche presentant une scintillation suffisamment intense dej k 
a la temperature normale. La plupart des produits renferment une 
faible proportion de forme verte dont la presence rabaisse la ,,scintil¬ 
lation” dans une mesure considerable. 
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Les temperatures limites de scintillation sont done egales pour toutes 
les substances etudiees et varient autour de -f 200°. 

Si Ton resume les observations relatives a Faction de la temperature 
(pour autant que les mesures aient ete faites a Fair), on voit (fig. 7) 
ee qui suit: au-dessous de la temperature dite de naissance la scintilla¬ 
tion n’est pas perceptible du tout, a son voisinage elle apparait soudaine- 
ment et quelques degiVs apres elle atteint sa valeur normale qui 
s’£leve d’une maniere k peine perceptible jusqu’4 100°; a partir d’ici 
elle descend un peu plus rapidement jusqu’a ce qu’elle arrive a la 
temperature limite au dela de laquelle elle eesse d’exister. 

5. Influence de VMairage . — Le produit etudie primitivement 
avait £te conserve & Fobscurite. Par une eourte exposition (ne depas- 
sant pas 3 heures) k la lumiere d'une lampe a incandescence Fintensite 
de la luminescence ne subit aucune variation. De mcme un produit 
qui avait etc expose, au dessiccateur, aux rayons solaires et avait 
etc bruni par eux d’une maniere notable, ne presentait pas la moindre 
..scintillation". I/insolation ou les produits formes par cette reduction 
pliotochimique sont done sans action. Les rayons ultraviolets, a faible 
longueur d’ondes, ni les radiations gamma n'ont pas revele d’action 
non plus. 

0. Importance de la pression. — On peut dire d’une fagon generale 
(jue Fintensite de scintillation augmente avec la pression exercee sur 
la baguette avec laquelle on opere l’agitation. Toutefois, il est fort* 
difficile d’etablir sa limite inferieure, car plusieurs facteurs entrent 
en ligne de compte. (Test ainsi qu’un chlorure mercureux emprisonne 
en tube scelle etagite au moyendebilles de verre de 4 mm de diametre, 
ne prod uit pas de scintillation, pas meme alors que les secousses imprimees 
au tube sont assez violentes. La pression specifique necessaire pour 
produire le phenomene doit toutefois etre assez considerable. (Via 
ressort par exemple du fait qu’avec des baguettes grosses ou mal 
sceltees FintensitV obtenue est inferieure a celle qu’on observe pour 
les baguettes minces a bout parfaitement arrondi. Le chlorure mercureux 
ne pr6sente pas de scintillation quand on le frotte entre des plaques 
de verre; si, par contre, il est frotte par F arete ou meme par le coin 
d’une telle plaque, la scintillation apparait normale. Dans des essais 
plus exacts on a mesur6 les hauteurs de chute minimum de billes de 
verre suffisant pour provoquer la scintillation des substances frappees 
par elles. La premiere scintillation apparait, si le poids moyen de la 
bille est de 0*32 gr , pour une hauteur de chute de 50 mm. Des billes 
plus legeres restent sans effet. 
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7. L % influence du vide et de Vatmosphere est presque insensible. Dans 
le vide d’un dessiccateur contenant des residue d’air on d’un antre 
gaz inerte (azote ou gaz earbonique) la substance se comporte comme 
a Fair, abstraction faite bien entendu de l’influence de Fhumidity. 

8. Dej& lors des essais faits pour etablir les rapports entre la tribo- 
lnminescence et la fluorescence des halog6nures mercureux nous avons 
constate la grande sensibility de leur mise en yvidence. II s’agissait 
Ik uniquement de melanges avec les sels correspondants mercuriques, 
ou les rapports ponderaux ne se font valoir qu’it une proportion 
extr6mement faible de sel mercureux. Quant aux melanges avec 
d'autres corps, ils prdsentent toujours une scintillation plus faible 
qui devient nulle si le corps etranger s’y trouve en exces. II n’en est 
pas de meme dans les cas ou le calomel se trouve au contact de corps 
solides secs avec lesquels il no forme pas un melange intime. Ici la 
scintillation apparait meme alors qu’il ne s’agit que de traces de calomel. 
Tres instructive est Fobservation des phenomenes qui ont lieu lorsqu' 
on frotte des baguettes tres legerement saupoudrees de calomel contre 
d’autres corps propres, comine par exemple contre une arete de bois, 
la parois propre d’un vase de verre, etc. Si la baguette est tout a fait 
propre, le phenomene n apparait pas, autrement il est r^gidier. 

Des phenomenes analogues se laissent observer lorsqu’on nettoie 
des baguettes propres au moyen d’un linge legerement saupoudre 
de calomel. Il est Evident que des quantit^s tout a fait insignifiantes 
de calomel ou de bromure mercurique, a Vital pur bien entendu, suffisent 
pour provoquer la scintillation. Dans les melanges intimes il ne doit 
pas en etre ainsi, parce que la possibility de frottement mutuel des 
moiycules d’halogynure mercureux n’est certainement pas grande. 

En resumant les resultats de nos essais, plutot qualitatifs par leur 
caractere, on voit que la triboluminescence des halogynures mercu¬ 
riques, quoique cela soit la premiere fois qu’elle ait ety observye chez 
les yiements appartennant au deuxieme groupe du systeme pyriodique, 
ne constitue cependant pas un phynomene exceptionnel. Des essais 
d’information faits sur les elements du sous-groupe plus yiectronegatif 
(Zn , Cd, Hg) laissent pry voir des regularites et phenomenes analogues 
meme en dehors du mercure, mais la les choses seront certainement 
bien plus complexes. 

Il y a cependant un fait qui reste inexplique jusqu’a prysent: c’est 
qu’il n’a pas ety possible de trouver aucun facteur, interne ou externe, 
ni aucune substance qui joueraient le role d’un activeur positif . Les 
influences constatyes par nous sont toutes de nature nygative, c’est- 



A-dire elles rabaissent l’intensit^ de la scintillation sans en changer 
sa composition spectrale. 


Resume. 

Lors de l’^tude de corps ultra-purs et ultra-secs on a observe que 
les halogenures mercuriques (prepares par synthese) presentent le 
phenomene de la scintillation. 

Les caract&res de cette scintillation la font ranger parmi les pheno- 
menes de triboluminescence produits par le frottement mutuel des 
molecules. 

( tette radiation inconnue jusqu’a present est sp^cifique des halogenures 
du mereure monovalent (chlorure, bromure, iodure mercureux). Les 
composes complexes du mereure ne l’offrent pas. Quand elle apparait 
chez les autres composes de mereure monovalent ou bivalent, elle doit 
ctre ramenee k la presence, en proportion plus ou moins grande, d'halo¬ 
genures mercureux comme impuretes. 

II suffit de traces insignifiantes d’un halogenure mercureux pour 
provoquer dans un halogenure mercurique une scintillation nette. 
aisement perceptible a robseurite. La sensibilite de ce phenomene 
est beaucoup plus grande que celle de la fluorescence des sels mercureux 
en lumiere ultraviolette. 

L’intensite de scintillation depend du degre de dispersite, du degre 
de siceite, de la presence ou non de corps etrangers et de la temperature. 
Elle augmente avec le degre de dispersite. La sensibilite vis-a-vis de 
rhumidit<$ est extreme et apparait surtout aux temperatures basses. 

La faoult/6 des halogenures mercureux purs d’emettre des scin¬ 
tillations est consid<5rablement rabaissee par la presence de corps 
(Strangers qu'ils soient chimiquement apparentes ou non. 

La scintillation a lieu dans un intervalle de temperature assez 
large, dont la limite inf4rieure est determinee par la temperature de 
,,naissance“. Cette temperature varie avec les divers halogenures mercu¬ 
reux, elle en est caracteristique. Entre 20 et 100° l'intensite ne varie 
pas essentiellement, au-dessus de 100° elle diminue lentement jusqu'a 
la temperature de disparition, situee vers 200°. 

lnstitut de Chimie minerale et legale 
& V University Charles Prague 
( TeMcoslovaquie ). 



HYDRATION OF IONS Mg', Ca, Sr AND Ba IN NORMAL 

SOLUTIONS 

by ,T. BABOROVSKY and 0. VIKTORIN. 

In continuing the work on hydration of ions by Baborovsk^’s 1 ) 
method we measured normal solutions of magnesium, calcium and 
strontium chloride. 

In these measurements conditions usual in this method were main¬ 
tained. With magnesium and calcium chloride Kahlbaum’s preparations 
p. a. recrystallized from redistilled water in sealed vessels were used. 
The large crystals obtained were freed from the mother liquor by 
centrifuging. Strontium chloride was purified substantially by Ri¬ 
chards’ 2 ) method. To its aqueous solution ammonia and some am¬ 
monium carbonate were added. Strontium sulphate precipitated from 
the filtrate by an excess of sulphuric acid was washed first with dilute 
sulphuric acid and then with distilled water until the washing water 
was neutral towards methyl orange. To the sulphate solid ammonium 
carbonate was added in a porcelain dish and by digestion on a water 
bath it was converted to about one half into carbonate. This was 
then decomposed with hydrochloric acid. The solution of strontium 
chloride was freed by evaporation from the greater part of hydro¬ 
chloric acid. To the residue dissolved in water ammonia and some 
ammonium carbonate was added. The strontium carbonate obtained 
from the dilute filtrate by adding to it an excess of ammonium carbon¬ 
ate was washed with water so long, until no chloride ion could be 
detected in the washing fluid. The washed carbonate was converted 
into strontium nitrate, into the solution of which first gaseous am¬ 
monia and then carbon dioxide was passed. The pure carbonate thus 
obtained was, after thorough washing, dried on a water bath and then 
ignited carefully. The mixture of carbonate and oxide was then dis¬ 
solved in hydrochloric acid, and the chloride obtained after evaporation 
was recrystallized three times. 

The experiments were made in the bipartite apparatus described in 
earlier communications. The exactly normal solutions were electro- 



lyzed by a current of 10 milliamperes for about two hours, and the 
amount of electricity which passed through was measured by two 
silver coulometers. On an average about 0*0008 F passed through the 
electrolyzed solution in our experiments. As kathode a silver wire 
covered electrolytically with a layer of silver chloride was used. The 
decrease in weight of the kathode was on the whole (by a few tenth 
of a mgr) lower and the increase in weight of the anode somewhat 
higher than the indication of the coulometer. The solutions were 
analyzed gravimetrically, the stock solution before each experiment, 
the solutions after electrolysis in two parallel analyses. All analyses 
giving the number of grams of chloride in 100 grams of the solution 
agreed mutually well, their arithmetic mean being taken for calcul¬ 
ation, which was performed as in our earlier work. From the known 
weight and composition of the solution before and after the experiment 
and from the amount of electricity passed through the quantity of 
electrolyte transferred by 1 F is calculated. If this is expressed in 
gram-equivalents, the true transport number of the cation is obtained. 
Similarly the amount of water transported electrolytically by 1 F is 
expressed in moles of II 2 0. The results are summarized in Tables 
I—III: in the column designated “kathode", if the membrane was 
sealed to the kathode part of the bipartite apparatus and the kathode 
solution analyzed, but in the column designated “anode", if the mem¬ 
brane and the analyzed solution were in the anode part. Table I gives 
the values found for the normal solution of magnesium chloride, 
''fable II those for calcium, and Table III those for strontium chloride. 
Table IV contains a complete survey of the measured data, the meas¬ 
urements on barium chloride being taken from an earlier communi¬ 
cation. 3 ) (1— N) is the true transport number of the cation and JET 
the number of moles of H 2 0 transferred by 1 F to the kathode w ithout 
any correction for the presence of the parchment membrane. 

It is seen from the tables that also in the solutions under investi¬ 
gation discrepancies occur to a certain degree between the kathode 
and the anode experiments, which were explained by J. Babo- 
rovsk^, 4 ) 

From the complete survey it is apparent that in all measured chlor¬ 
ides in their normal solutions water is electrolytically transported to 
the anode. It is evident further that Hittorf f’s transport numbers 5 ) 
(see also below) are considerably different from the true transport 
numbers found by Baborovsk^’s method. This difference could be 
explained by the high hydration of the chlorides under consideration. 
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- 0-392 —0-310 0-400 —0-284 

Temperature in °C 17-0 19-0 17-6 18-8 
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Table TV. 

A complete survey of data. 

Solution MgCl, CaCl t SrVL HaCl, 

1 — N (mean) 0-262 0-299 0-279 0-289 

S (mean) —0-336 —0-346 —0-630 — 1-25 

Substituting in the known equation 

5-= (1 —N)x — Ny (1) 

the found values for the water transport, E, and the true transport 
numbers of cation, (1— N) % and anion, N y and assuming, that the 
hydration of chloride ions in normal solutions of alkali chlorides is the 
same as in solutions of chlorides of alkaline-earth metals (y H , = 4 mol. 
// 2 0), 6 ) we obtain for magnesium chloride the equation 

— 0-336 -- 0-262 x Mu -0-738 X 4, 

~ 2 

for calcium chloride 

— 0-346 = 0-299 Xc^ — 0-701 X 4, 

2 

for strontium chloride 

— 0-630= 0-279 Xfv-— 0-721 x 4, 

~ 2 ~ 

and finally for barium chloride 

— 1*25 = 0-289 xBar — 0-711 X 4. 

2 

From these equations we get values for xjy- giving the number of 

T" 

moles of H 2 0 associated with 1 gram-equivalent of the ion in question. 
Recalculating these values for two gram-equivalents, i. e. for the whole 
ion, we obtain for the hydrations of the ions considered: 

ion Mg" Ca" Sr" Ba" 

mol. H 2 0 20 17—16 16 11. 

The hydration thus decreases with increasing atomic weight in 
a similar manner as with alkali chlorides. 7 ) 

We quote for comparison values found by H. Reray 8 ) for the same 
ions: 

Mg" Ca" Sr" Ba" 

14-1 12-1 7-8 4-5, 
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which are throughout lower than ours. This discrepancy has several 
causes. Comparing Remy’s values for the number of moles of H t 0 
transferred by 1 F to the kathode with ours, 


nj 1 

MgC\ 

CaCl t 

SrCl t 

BaCl t 

Remy 

— 0-08 

— ()• 20 

— 0-96 

— 1-22 

B. and V. 

— 0-336 

— 0-346 

— 0-630 

— 1-26, 


we see that with barium chloride the agreement is good, but that the 
values of S are the more discordant the nearer we come to magnesium 
chloride. 

Remy uses for calculation of the true transport numbers Wash¬ 
burn's 9 ) equation 

_ n s 

where n t rae is the true transport number of the anion, 741 it. Hittorff* s 
transport number, S the number of moles of H 2 0 transported by 
1 F> n 8 the number of equivalents of electrolyte, and n tv the number 
of moles of water in the solution. As is seen from the survey given 
below, the values of the true transport numbers calculated from 
Washburn’s equation are very little different from Hittorff’s 
transport numbers: in barium and‘strontium chloride by two units 
of the second decimal place (0*022 and 0 018 resp.), and in calcium 
and magnesium chloride even by a few units of the third decimal 
place (0*004 and OObl resp.), whereas the true transport numbers 
obtained by Baborovsky’s method are considerably different from 
Hittorff’s transport numbers. 



1 - 

- N 


Electrolyte 

ti/l 

Hittorff s 
transp. numb. 

Transp. numb, 
calculated from 
Washburn’s 
equation 

True transp. numb, 
obtained 

by Baborovsk^’a 
method 

MgCl 2 

0*291 

0*290 

0-262 

CnC\ 

0*314 

0*310 

0-299 

Sr(\ 

0-314 

0*296 

0-279 

BaCl 2 

0*360 

0*338 

0-289 


Finally the disaccord between Remy’s and our values is caused 
by the circumstance that Remy assigns to the chloride ion a hydration 
of 3 mol. of H 2 0, but we 4 mol. of Hfi, which difference must show 
itself also in calculation according to equation (1). 
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W. Manchot, M. Jahrstorfer and H. Zepter 10 ) determined the 
hydration of ions from the solubility of nitrous oxide and acetylene 
in pure water and in aqueous solutions of salts. They obtained the 
following values for molar solutions (1 mole in 1000 grs of water): 

Mg" Ca ■ Ba' 
moles of H 2 0 13 0 14*0 16-8. 

Their values cannot be compared directly with ours, because our 
numbers are valid for normal solutions. It is seen that the hydration 
of the ions under consideration increases in reversed order as that 
found by the methods of Re my and Baborovsky. 

H. Ulich 11 ) calculated the hydration of ions from the decieaseof 
molar entropy and from their mobility. For the ions investigated he 
found 

Mg' Ca" Ba" 

from the decrease of molar entropy 9 7-5 7*5 

from the mobility 10*5 -13 7-5 ~~ 10-5 5—0. 

His values are also in other instances lower than those obtained by 
Remy’s and Baborovsky’s method, which he explains by supposing 
two kinds of hydration: a chemical and a physical one. He is convinced 
that he determines the chemical hydration only, whereas the method 
of electrolytic transport according to him gives the whole hydration, 
chemical and physical. However, Ulich's assumptions are too un¬ 
certain for considering his values of hydration as sufficiently estab¬ 
lished. 

Summary. 

I . True transport numbers in normal solutions of magnesium, 
calcium, strontium and barium chlorides were measured by Babo- 
rovsk^’s method: 

n/1 MgCl 2 CaCl 2 S r CL Ba (%, 

1 — N 0-262 0-299 0-279 0-289. 

2 . The amount of water transferred electrolyticallv by 1 F in these 
solutions is 

n/1 MgC% CaC\ Sr CL Bad, 

3 — 0*336 — 0-346 — 0-630 - 1*25. 

In all norma) solutions of the chlorides investigated water is trans¬ 
ported electrolytically to the anode. 
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3. The following hydrations in normal solutions were found: 

Mg" Ca Sr “ Ba 

moles Hp 20 17—16 16 11. 

Institute of Theoretical and Physical Chemistry, 
Geslcd vysoka Skola technickd, Brno. 
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A CONTRIBUTION 

TO THE KNOWLEDGE OF THE LIQUID JUNCTION POTENTIALS. 

PART II. 

By J. B. CHLOUPEK, VL. Z. DANES and B. A. DANESOVA. 

In the preceding paper (Collection 5, p. 469, part 1.) we have 
published some experimental results bearing on the relation of the 
magnitude of the liquid junction potentials to concentration, valency 
type and symmetry (of ionic charges) of some strong electrolytes. The 
special form of our “salt bridge” vessels enabled us to gain also some 
information as to the magnitude and sign of the temperature coeffi¬ 
cients of these potentials. We consider it necessary to discuss briefly 
here the different ways of realization of the liquid junction. (J uggen- 
heim 1 ) defines three different types of these junctions, namely: 

1 . the continuous mixture layer, its chief feature being this: the 
composition in every point of the transition layer is a linear function 
of the composition of both the end solutions. The Henderson formula 
should represent closely this sort of experimental realization. 

2 . the constraint diffusion junction, where the reciprocal diffusion 
is limited to a space between two parallel planes. This case was treated 
mathematically by Planck and Pleijel (see.the references of our 
foregoing article). 

3 . free diffusion junction is characterized by the diffusion taking 
place on a path relatively short compared to the distance of the elec¬ 
trodes. In this case, the length of the diffusion layer grows continuously 
with time. When the condition of cylindrical symmetry (meaning, that 
both the concentration and potential gradients should be represented 
by a straight line parallel to the cylinder axis) is fulfilled, the potential 
difference is independent of time. It is necessary, of course, to wait 
some time until the initial disturbances disappear (see also the papor 
by Barry and Smith referred to later on). The underlying problem 
was worked out mathematically by Taylor, 2 ) but his treatment is 
— according to Guggenheim — too unwieldy and complicated, a 
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lamentable circumstance, inasmuch as this sort of junction is the 
easiest to be made and gives good reproducible values constant with 
time. 

We should mention also the so-called “flowing junction 9 ', with the 
two different solutions streaming in such a manner as to make a con¬ 
tact and then flow away both in the same direction. In this way 
a very thin transition layer is realized. Unfortunately, the theoretical 
treatment of this sort of junction is very difficult, inasmuch as the 
final state can depend also upon the constants of the design. 3 ) Scat- 
chard 4 ) who has assembled much knowledge concerning all sorts of 
junctions says in this case: “I have always regarded our flowing junc¬ 
tions as continuous mixture boundaries because it seems to me that 
the time is too short for diffusion to become noticeable, but I know 
no way of demonstrating their nature/ 5 

A new method of attack of the difficult problem of liquid junctions 
was developed very recently, on Professor H. A. Fales 5 suggestion, 
by Fred. Barry and A. K. Smith. 5 ) It is a calorimetric method for 
determining the rates of interdiffusion of reacting liquids and seems 
to be very promising for more than one problem. The authors empha¬ 
size the questionable dependability of existing theoretical expressions 
and the desirability of actual measurements. 

These investigators studied so far (for obvious reasons) the system 
HCl aq./iVattff aq. 

Our own work follows quite different lines. As was already said, 
we chose the “free diffusion 55 junction for our study of the liquid 
contact potentials. We shall now discuss immediately the experimental 
results given in our previous paper. 

In the fundamental cell: 

Hg ( HgCl , 0*1 n KCl) t junction solution 2 (0*1 n HCl , HgCl) Hg 
the potential difference “l 55 was, in our case, that between neutral 
electrolytes, whereas “2” is between a neutral salt and a solution of 
a strong acid. In dilute junction solution one can safely suppose that 
the electromotive force of the junction systems is given mostly by 
the magnitude of the potential difference “2 5 \ due to the great mo¬ 
bility of hydrions. The direction will be probably thus: 1 —» 2. In more 
concentrated solutions, however, one encounters more complicated 
relations. The sign of the p. d. “2 55 cannot be given and it is quite 
possible that there is a reversal of the sign in high concentrations 
(especially probable in the case of the chlorides of magnesium and 
zinc). The temperature coefficients lead here to no conclusions as to 
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the sign of the liquid junction p. d. E. g.: in the case of the p. d. "2” 
the temperature coefficients were found to be negative in all junction 
solutions, although the sign of the liquid contact p. d. is here surely 
positive. This can be explained in this way: the hydrions cause a 
temperature coefficient considerably below that of ali the other ions; 
the contact p. d. sinks, therefore, when the temperature is raised. 



The p. d. “1” exhibits always a positive sign of the temperature 
coefficients, but one can hardly guess the sign of the p. d. itself. These 
temperature coefficients are very small for 1: 1 electrolytes but much 
higher in the case of polyvalent ions (esj>ecially polyvalent anions). 
The results are summarized in the following graph, where the concen¬ 
tration is in logarithms of the respective equivalents. The course of 
the individual curves shows here markedly two different concentration 
regions to be distinguished, namely that of the dilute solutions up 
to tenth-normality and that of the more concentrated solutions. The 
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e. m. f. found for all electrolytes (with the sole exception of potas¬ 
sium ferrocyanide), in the first region, is nearly identical and the 
remaining deviations sink with dilution into the limits of experimental 
precision. In this region, the course of the curve is nearly linear. In 
the other concentration range (above 0*1 n approx.) the individual 
curves diverge markedly from one another, and one can clearly distin¬ 
guish between two groups of curves. The first group comprises the 
(1:1) and (2:1) salts and is characterized by smaller deviations from 
the slope of the limiting straight line. The other group comprises all 
other electrolytes with polyvalent anions. The curvature is here very 
great and the curves run finally nearly parallel to the X-axis. Now, 
the region of the dilute solutions indicated above is that where the 
assumptions of the I)ebye-Huckel theory are valid. All the ions 
are here separated by large spaces where there are only water mole¬ 
cules (e. g., for 0 01 n solution, there are in one liter volume 5551/2 
molecules of water for every ion of a salt forming two ionic species). 
The mutual influence of the ions is governed here by simple electro¬ 
static laws forming the basis of the D.-H. theory. In the more concen¬ 
trated solutions, the individual properties of the ions enter into play 
leading to interactions that change specifically the properties of the 
electrolyte solutions. 

Table 1. 

Junction solutions according to the valency type. 



Valency type 1:1. 


Normality 

Electrolyte 

e. m. f. millivolts 

4 

KCl 

4*34 

5 

NaCl 

— 7*00 

7*5 

NaNO s 

— 6*90 

10 

NH t NO a 

— 0*90 

5 

NH t Cl 

— 0*70 

3 

kno 3 

— 5*00 


Valency type 1:2. 


2 

Na t SO i 

22*80 

6 

(NH^SOt 

22*72 

1*2 

K a 80 t 

23*32 

5 

K t CrO t 

24*00 

4 


25*35 

2 

K£ t O t 

25*49 
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Normality 

Valency type 2: L 

Electrolyte 

o. in. f. millivolts 

8 

MgCl 2 

— 15-66 

8 

MnCl t 

— 12-82 

8 

ZnCl 2 

— 5-26 

8 

CaCl 2 

— 9-25 

ir> 

Valency type 1:3. 

Na i HPO i 

29-74 

12 

Valency type 3:1. 

Fe.Cl z 

— 0*75 

2*72 

Valency type 1:4. 

K t FeCy t 

25-87 

tt 

Valency type 2:2. 

ZnSOi 

16-36 

6 

MgSO, 

17-91 


For better comprehension the results of our measurements are 
tabulated here for the highly concentrated solutions near saturation. 
The salts are classed according to their valency type. The smallest p. d. 
is to be found in the case of 1:1 electrolytes which are, as is well- 
known, the best means for '‘eliminating” the contact potentials. 
The (1:2) salts (sulphates, chromates, oxalates) give much higher 
values and the differences due to individual members of this class 
are small (2—3 millivolts only). In the region of concentrated solutions, 
the changes of the e. m. f. with concentration are small. K. g.: potassium 
chromate in the concentration range 0*2 n —5 n shows a difference with 
concentration of only 3*4 millivolts, whereas ammonium chloride 
under the same conditions gives a difference of 28 millivolts approx. 

The (2: 2) valency type, in the case of sulphates, leads to lower 
results than the preceding one (1:2), but the influence of the sulphate 
ion is not compensated sufficiently by that of Me+ + . The e. m. f. 
change with concentration is here greater; in the range of 01 to 6 n 
the difference is 26 millivolts. 
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The following 2:1 type (8 n solutions of the chlorides of Mg, Mn , 
Zn , (7a) shows the influence of the bivalent ions prepondering, the 
e. m. f. differences are negative throughout. The curves resemble those 
of the (1:1) type. 

From other valency types we chose the following salts: 

(1:3) : NaJIPOi. -(1:4) : K^FeCy,. -(3:1) : FeCl 8 . 

The first two salts give high positive e. m. f. differences [like the 
(1:2) type]. The third salt gave a very low e. m. f., but the com¬ 
plicated relationship of the ferric ion to water molecules allows of 
no further discussion. 

From the results of our work we think we may deduce this: the 
polyvalent anions of a more or less complicated structure (and con¬ 
taining mostly oxygen atoms) have a nature essentially different from 
that of polyvalent metallic cations where the higher charge seems to 
be the only feature influencing their behaviour when compared with 
that of univalent cations. One can explain this difference between poly¬ 
valent anions and polyvalent cations by taking into account that the 
metallic cations are fairly stable in their outer electronic structure 
(of the inert gas nature) and their aptitude to polarize (i. e. to shift 
the centres of forces due to the ionic atmosphere on one side and to 
the nucleus on the other) is rather low (when complicating additional 
causes, such as manifest themselves by the appearance of the absorp¬ 
tion bands in the rhgion of the visible spectrum, are absent). On the 
other side, the polyvalent anions exhibit easily interreactions of the 
outer electronic shells of their atomic constituents. They are, in general, 
much easier to polarize, especially in the more concentrated solutions 
where there is the influence of closer ionic approach leading to changes 
in the interior arrangement of the charges; the possibility of a defined 
association of the ions is also not to be excluded. 

The electrostatic forces entering into play are enormous but their 
importance was totally overlooked by the classical theory. 

The finer ionic structure of the diffusion layers, such as appear 
in the realization of the liquid junctions, is too inaccessible for a 
theoretical treatment at the present time, where the theory of con¬ 
centrated solutions may be said to be in the very first beginnings. 
To accumulate more experimental facts seems to us the most obvious 
task of today. As to the practical side, the uni-univalent electrolytes 
in concentrated solutions and of a nature carefully adapted by a 
preceding study to the individual conditions of the cell investigated 
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seems to be the only approach to anything like “elimination 4 ' of the 
liquid junction potentials. 

In this connection, it will be of interest to mention here that 
J. W. McBain and R. 0. Williams found quite recently 6 ) that the 
temperature of the bridging solution in the cell: 

HgjHgOl , Njli) KCl (saturated KCl sol.) saturated AY 7, HgCI/Hg 

has no effect on the electromotive force between the limits from 
1 to 90° C, the e. m. f. being constantly 0*0880 t 0*0002 V. (The 
calomel electrodes were at 25° C.) 

Summary. 

In this paper are discussed the experimental results bearing on the 
influence of the valency type of electrolytes on the magnitude of the 
liquid junction potential differences and published in the preceding 
communication in this Collection. These potentials are a logarithmic* 
function of the concentration of the “bridge” electrolyte in the region 
of the validity of the Debye -Hiickel theory, whereas in more concen¬ 
trated solutions (from 0*1 n upward) the individual character of the 
electrolyte becomes more marked; but, nevertheless, certain regulari¬ 
ties appear very clearly. Thus, all the polyvalent anions in the salts 
studied by the authors form a class apart in comparison with all the 
univalent anion salts. The polyvalent cations behave not in this manner. 
The characteristic behaviour of these salts with polyvalent anions 
(namely, the small change of the e. m. f. with concentration in the range 
of concentrated solutions) explain the authors by the magnitude of 
the polarisation effect in these complicated atomic and electronic 
structures due to the proximity of other ions, whereas the simpler 
and more stable metallic cations, even when highly charged, comport 
themselves here in the corresponding salts with univalent anions like 
the (1:1) electrolytes. 
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